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CHAPTER-I 
GCNCRflL INTftODUCTION 
The interest in soil as a natural body originated from its ability to 
produce and sustain crops. To define soil is not an easy task in Mew of the 
heterogenity and complexity of the soil system. According to Biswas and 
Mukherjee' the soil is a dynamic natural body developed as a result of 
pedogenic processing during and after weathering of rocks, consisting of 
minerals and organic constituents possessing definite chemical, physical 
and biological properties and capable in providing a medium for plant 
growth. "Justus von Liebig" in his famous publication, 'chemistry applied to 
Agriculture and Physiology' put forward the theory that plant assimilates 
mineral nutrients from the soils environment which according to him varied 
in their capacity of nutrient supply. The soil is mainly composed of 
following components : 
(A) Mmeral matters 
(B) Organic matters 
(C) Soil air 
(D) Soil water 
(A) MINERAL MATTERS : 
A mineral is an inorganic body usually having a definite chemical 
composition. They are extremely variable in size, those in the finer state of 
subdivision (0.002 mm) form the clay fractions. Clay is the most active and 
reactive portion of the soil^. Some important and most frequently occuring 
clay minerals are : 
(i) Kaolinite 
(ii) Montmorillonite 
(iii) lllite 
(iv) Chlorite 
(v) Amorphous Clays 
(i) KAOLINITE ; 
The name 'Kaolinite' was first suggested by "Johnson and Blake" in 
1867. The structure of Kaolinite^"^ is based on single tetrahedral sheet 
topped by a slightly distorted gibbsite sheet, both being joined by oxygen 
bonding through condensation and splitting of water between adjoining 
hydroxy! groups in vertical position (Fig. 1 and 2). Water can not enter in 
these lattices which explains the comparatively low moisture content as 
well as low swelling of these clays. The size of the unit cell is 7.2 A°. The 
structural formula of Kaolinite is (OHj^ Al^ Si^ Oj^ . The cation exchange 
capacity' of the mineral is very low and varies from 3-15 meq 100 g"' clay. 
(ii) MONTMORILLONITE : 
The mineral was first studied by LeChatellier and has been 
assigned the formula as (0H)^ SigA1^02Q.''"'' The structure of 
montmorillonites^ is composed of simple octahedral sheet of alumina 
enclosed between two silica sheets (Fig. 1 and 2). As in kaolinite. these 
layers are glued together by primary valence forces due to sharing of 
oxygen atoms in vertex position. X-ray studies have shown stacking of 
silica-alumina-silica units in the c-direction layers being continuous in a 
and b direction with the result that these exert a weak bond and excellent 
n 
! I i 
^ s ^ 
1 
8 
K 
1:^  
m 
m 
•WXt-*-
W^i 1^  
I 
I 
9 & 
T 
8 
a 
• 
ft 
— IIXT-» • 
I 
I 
ft 
1 
8 
a 
I 
o 
H 
U 
a< 
< 
H 
V5 
> 
u, 
O 
X 
u 
(J 
H 
< 
u 
O 
s 
U 
H 
MM 
Q 
Z 
< 
tax 
2 
O 
tax 
O 
H 
O 
U] 
H CA 
O 2i 
- i i i « - » -
Z 
5 
z 
o 
o 
o 
3 
O 
r, O 
• T 
z 
o 
• ' l 
< 
o5 
•o 
« 
o 
c 
m 
'-A 
•9 
n 
o 
ty> 
^ « 
<« f. >> 
»J u 
>. u 
c 
u 
r4 
o 
. 4 
H 
• 0 
• M '• 
' . * • . ' 
•, 
O 
b 
r« « 
1 • 
'~^ < 
< 
o — 
« « 
- J < 
a 
5^  
« 
Jj 
O " O 
1 • 1 
'~2-^ 
^ I l" 
o • o 
Ik 
« « « 
Q-Hp 
' \ 
\ / 
-H>4«> 
> r 
/ \ 
^ p \ / 
< J 
•< < 
1 • o w 
Z Z 
a v« « >» 
-^
•> 
^ 
n « 
T • 
4 
« « 
0 
• 
& 
g « 0 
1 • 1 
lb 
9 
tt • 
w S 0 
**« 
* 1 
b 
o 
w 
^ 0 o 
* * •-
w 
Z 
)c • 
\ ^ 
•0 
1 ^ 
J 
4 
a 2-
;? 
o-" 
mi 
? 
• 
$ 
"••^  
* 1 
b 
o 
w 
0 
a 
4 
>« 0 u 
? 
1 
& 9 
B 
9 
V 
S 
a 
& 
T 
3 
9 
B 
9 
•n 
9 
u 
Z 
o 
-J 
-J 
2 o 
z o s ^
 UJ 
H 
M W 
Z 
— C/5 
ti. Z 
w S 
2^  >-
^2 
^ ^ 
V3:3 
oi J 
u — 
1^ 
< 
< 
O < 
T 
a 
I 
3 
ON. « f t . I f 
J! ?! |! 
5f 8 S 
cleavage between them. It possess high cation exchange capacity- which 
varies from 80-120 meq 100 g"' clay. 
(iii) ILLITE : 
The name illite was proposed by 'Grim' in 1937 for the mica like 
minerals with a 10 A° c-axis which shows no expansion in the presence of 
water (Fig. 1 and 2). The size of unit cell is 10 A°. Isomorphic substitution 
is possible within the lattice resulting in a wide variation in composition.^ 
Because of its close resemblance with mica, it is considered to be a 
member of mica group. The cation exchange capacity of illite varies from 
20-40 meq 100 g"' clay. 
(iv) CHLORITE : 
The structure of chlorite was given by Donahue et al'". It is often 
called 2.2 type of clay. The crystal unit contains two silica tetrahedral 
sheets and two magnesium octahedral sheets (2:2). Chlorites do not swell 
when wetted with water. The cation exchange capacity of chlorite is very 
low and varies from 10-40 meq 100 g'^  clay. 
(v) AMORPHOUS CLAYS : 
These are the mixture of silica and alumina containing weathered 
oxides of iron that have been formed in well oriented cr\'stals. They 
commonly present in soil in varying proportion. Their properties are 
uncommon such as high positive charge and anion exchange properts' which 
depends upon the pH of the soil solution. 
(B) SOIL ORGANIC MATTER (SOM) : 
Organic matter is an active and reactive portion of the soil. It may 
be defined as organic residue left behind after microbial decomposition of 
plant and animal remains, frequently dark coloured and possessing certain 
physical and chemical properties." 
The organic matter content of the soil is generally found in smaller 
quantities that is 1-5% by v '^eight in a top soil and decreases with depth. It 
is a major source of two important minerals, phosphorus and sulphur and 
essentially the major source of nitrogen. 
Organic matter contains high amount of carbon (58%) with lesser 
amount of hydrogen, oxygen and other elements. The carbon atoms joined 
together in certain chains of var>dng lengths and linkages that are basic 
'skeleton' of soil organic matter. 
Soil organic matter consists of two general groups : 
(i) HUMIC SUBSTANCES : 
Transformed products bearing little or no-resemblance to the 
anatomical structures from which they are derived. 
(ii) NON-HUMIC SUBSTANCES : 
Unaltered remain of plant and animal tissues and also organic 
compounds that have definite characteristics. 
The humic substances can further be subdivided into following sub 
groups according to their solubilm- in alkali and acid. 
(a) Humic Acid : It is soluble in alkali and insoluble in acid. 
(b) Fulvic Acid It IS soluble in both alkali and acid 
(c) Humin It is insoluble in both alkali and acid 
The chemistry of humic and fulvic acids have been extensively 
studied by Schitzer^^, Khan'^  and Ghosh and Schnitzel''' Macromolecular 
structuie of humic substances which governs nearly most of the properties 
and reactions of this material have been studied by many workers 
According to Flaig and Beutel'\ humic acids are rigid sphere celluloids 
while visser'^ consideis it as a globular particle 
Chemical composition of humic and fulvic acids have been an 
inteiesting field for soil chemists In general, humic acid is composed of 
an aromatic and aliphatic parts which are linked together as evident from 
the work of Banerjee and Mukherjee^^ '^ Humic acid consists of phenol 
and other aromatic units with amino acids, peptides, polysaccharide, etc 
The functional groups m humic acids are carboxylic, phenolic, alcoholic. 
carbon>ls. methoxy, secondary amino and ring nitrogen All these groups 
aie electron donor hence can coordinate with the metal ions which behave 
as an electron acceptor 
(C) SOIL WATER : 
Soil water is an important constituent of soil as it is essential for 
plant growth Soil is a store house for \\ater and becoming the main source 
of watei for land plants'^ Soil water pla>s a significant role in several 
natural processes that influence eneig> balance on the surface of earth 
Evaporation, infiltration and drainage of watei, diffusion of gases, 
conduction of heat, movement of salts and nutrients are all dependent upon 
the amount of water in soil.^ *^ The soil water content varies with the soil 
texture and ranges from 5.1% to 11.9%. 
In the study of soil-water retention , Ali and Biswas^' determined 
the relationship between the nature and amount of clay in soil and their 
retention capacity. The amount of available water in soil was also found to 
be related with silt^ ^ and organic matter contents^\The major losses of soil 
water through the process of transpiration by plants and evaporation from 
soil surface; are known as evapo-transpiration. 
The volume of water that enters into the soil and the depth to which 
the water moves and wet the soil below the surface area are of utmost 
importance in soil-water-plant relationship since this is one of the main 
source of water supply to plants. The references associated with the work 
on the subject are Luxmoore et af^, McNeaP^ Lagerwerff^ ,^ Sojka et al^ ^ 
and Clotheir et al^ .^ 
(D) SOIL AIR : 
Percentage composition of atmospheric air (by volume), may be 
approximately taken as N^ = 79.0, Oj = 20.97, CO2 = 0.03. The inert gases 
are included in nitrogen percentage. The composition of soil air varies with 
the nature of soiF^ as well as with the climatic condition-^ *^ . For example, 
composition of carbondioxide increases after rainfall, probably because of 
increased nitrification and decomposition of organic matter. The 
composition of soil air is characteristically different under anaerobic 
condition for example, the percentage of carbon dioxide increases in 
swamp soil growing rice. Carbon dioxide production being a product of 
biological activity is dependent on temperature, organic matter and 
moisture condition of soil whereas oxygen is essential for all biological 
activities occurring in soil. 
The exchange of gases betsveen soil and atmosphere is the natural 
process by which carbon dioxide in soil air is replaced by oxygen or carbon 
dioxide is washed down beyond root zone by irrigation or rainfall. 
PHYSICO-CHEMICAL PROPERTIES OF SOIL 
The knowledge of physico-chemical properties of soil is important 
m understanding the soil behaviour. It includes the distribution of particle 
size such as sand, silt and clay; soil pH, electrical conductivity, 
exchangeable cation and cation exchange capacity. 
M E C H A N I C A L COMPOSITION 
The first information required about a soil is its mechanical 
composition. The mechanical composition or texture means the particles 
of various sizes such as gravel, sand, silt and clay in soils. The particle size 
distribution of a soil influences its chemical, physical and biological 
properties, while clay particles, which have a large surface area determines 
most of its chemical and physico-chemical properties. Particle size 
distiibution in soil influences the water holding capacit>'. It also influences 
the strength and compressibility of soils. The success of any mechanical 
analysis depends upon the preparation of sample to ensure complete 
dispersion of all aggregates into their individual primary particles without 
breaking up the particles themselves and secondary upon the accurate 
fractionation of the sample into various separates. 
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SOIL pH : 
The pH of the soil is an approximate measure of an active fraction 
of the hydrogen ions present in the soil phase. Soil pH indicates the acidity' 
or basicity of the soil and is measured in pH units. At pH 7 hydrogen ion 
concentration (H"^ ) is equal to hydioxyl (OH') ion concentration^from pH 7 
to 0. the soil is increasingly more acidic, from pH 7 to 14 the soil is 
increasingly more alkaline (basic). Soil pH is the negative logarithm of the 
active hydrogen ion (H"^ ) concentration in solution. 
The soil pH greatly affects the solubility- of minerals. Strong 
acidic soils (pH 4-5) usually have high and toxic concentration of soluble 
aluminium and manganese. Tea, pineapples, blue berries and several conifer 
timber tolerate a strong acidity and grow well. In contrast, barley, beans and 
sugarcane only do well in slightly acidic to moderate basic soils because of 
high calcium demand or inability to tolerate soluble aluminium. 
The soil pH can also influence plant growth by the pH affect on the 
activities of beneficial micro-organisms. Most nitrogen fixing legume 
bacteria are not very active in strongly acidic soils. Fungi usually tolerate 
acidity better than other microbes., 
ELECTRICAL CONDUCTIVITY : 
It gives an idea about the total soluble salts present in soil. Soil 
salinity scale is based on electrical conductance of the extract. For saline 
soil, the soil content is more than 0,3% or E.C. >4.0 mmhos cm''. 
Electrical conductivity' of the irrigation water may be in the range of 0.10 
to 0.75 mmhos cm"' or below. High salinity hazard is incurred in case of 
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irrigation water having conductance much above this range. The salinit>>' is 
due to the presence of NaCl and Na2S0^ as soluble salts in soil. 
EXCHANGEABLE CATION : 
An electrically charged colloidal surface will attract mobile 
substances of opposite charge in the soil water. The dominant residual 
charge on most soil colloids are negative. These negative charged sites 
attract positively charged ions on the soil surface. Thus, the exchange of 
one positive ion by another is called exchangeable cation. 
The most numerous cations on exchangeable sites in soil are Ca^ "^ , 
Mg"^ ^^ , H"^ , Na"^ , K^  and AP"^ . The proportions of these cations on the 
colloidal surfaces are constantly changing as ions are added by addition of 
gypsum. The plant nutrients such as calcium, magnesium and potassium are 
supplied to plants m large quantities in exchangeable forms. Cation 
exchange sites adsorb many metal ions such as Cd-^. Zn-". Nr"^ and Pb^ "^  
that might be present m industrial wastewaters. The amount of cations in 
the soil solution are intimately related to the exhcnageable ions. Any 
change in the concentration of a cation in a solution brings a change in 
proportions of all exchangeable ions. 
CATION EXCHANGE CAPACITY : 
The cation exchange capacity' (CEC) is the amount of exchangeable 
cation per unit weight of dry soil. It is also defined as the capacity of the 
soil to combine with cations m such a manner that the\' cannot be easily 
removed by simple leaching with water, but can readily be exchanged by an 
equivalent amount of other cations. 
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The amount of exchangeable cations in most soil are directly 
related to the amount of their clay contents and to the nature of the clay 
minerals. Usually to the depths of normal rooting (60-90 cm or 2-3 ft), the 
amounts of exchangeable ions range from hundreds to thousands of 
kilograms per hectare and are present in the reserve for the nutritional 
requirements of plant growth. 
The cation exchange capacity of a soil changes with a change in 
pH. The various metals on hydrolysis, humus and organic acids do ionize 
and liberate H"^  into the soil water solution, thereby producing negatively 
charged cation exchange sites of the soil particles. The negati\e charged 
sites increases with the increasing pH value of the soil. 
LIVING ORGANISMS IN SOIL 
Living organisms constitute an important component of soil. Even 
though these organisms form only a fraction of the total soil mass. They 
play a major role in releasing plant nutrients on the earth's surface"". The 
soil organisms are classified into two broad groups, viz. Soil flora and soil 
fauna which are again subdivided into soil macroflora and microflora as 
well as soil macrofauna and microfauna. Important groups in each class are 
shown below. 
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SOIL ORGANISM 
I I 
SOIL FLORA SOIL FAUNA 
I ' I ^ 1 
SOIL MACRO- SOIL MICRO- SOIL MICRO- SOIL MACRO-
FLORA FLORA FAUNA FAUNA 
i i i 
Earthworms, Protozoa, 
moles and others Nematodes 
(Roots of higher plants) 
Bacteria Fungi Actino- Algae 
mycetes 
These organisms carry out a number of transformations in the soil 
as part of their normal activities and at the same time they are helpful in 
adding organic matter to the soil. 
The important role of soil microorganisms was recognised as early 
as in 1833 by a French Agricultural Chemist "J.B. Boussing Adult" and was 
further confirmed by a Dutch scientist "M.W. Beijerinck" who isolated 
bacteria from root nodules of legumes which were the agents for nitrogen 
fixation. A number of biochemical transformation viz., ammonification, 
nitrification, denitrification, symbiotic and non-symbiotic nitrogen fixation 
and soil respiration have been reported to occur as a result of microbial 
activities in soil^ "^^ .^ Nitrogen, phosphorus and pH of soil influence the 
nodule formation and nitrogen fixation '^^ . The mechanism of biological 
nitrogen fixation i.e. the conversion of molecular nitrogen to ammonia was 
not definitely known unlike the symbiotic nitrogen fixing bacteria. Some 
living micro organisms are capable of fixing molecular nitrogen from air 
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without any symbiosis. The role of Azotobacter, Closteridium pasteurianum 
and blue green algae have been intensively studied. Azotobacter is 
heterotrophic aerobic bacteria and sensitive to the acidic medium (pH < 
6.0). Optimum pH for living microorganisms in soil varies from 6.5 to 8.0. 
If the soil contains enough amounts of soluble nitrogenous compounds, the 
fixation of nitrogen from the microorganism is deactivated. However, 
Clostridium is tolerant to acidity which has pH range of 5.0 to 9.0 in the 
soil. They are more abundant than Azotobacter but are capable of fixing 
less nitrogen. 
In water logged soils of tropics, where rice is a principal food 
crop, the nitrogen gain in the soil are known to be largely due to the 
occurrence and activity of blue green algae^* .^ Blue green algae have been 
also reported to be capable of fixing atmospheric nitrogen^* .^ 
Besides the biochemical transformations, the contribution of fungi 
and other organisms to soil humic acid formation have also been 
extensively investigated""^'^'. Humus, the residual part of living matter after 
rapid decomposition of organic material results primarily from the actions 
of bacteria, fungi and actinomycetes. Fungi and bacteria are the most 
important organic matter decomposers.''^ They form symbiotic 
relationships in which two different organisms live in association with both 
benefiting each other. Actinomycetes fix N2 and help in the decomposition 
of organic matters. Soil algae are microscopic, chlorophyll containing 
organisms. It is not organic matter decomposer but helps in photo synthetic 
growth. Protozoa are decomposers and act as a predator on bacteria. 
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PLANT NUTRIENTS 
Most plants are known to need atleast sixteen essential elements 
to grow The sixteen essential elements are carbon, hydrogen, oxygen, 
nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, iron, 
maganese, zinc, copper, molybdenum, boron and chlorine. Recently some 
more essential elements have been recognised such as sodium, cobalt, 
vanadium, silicon, aluminium, iodine^etc. 
The macronutrient which are absorbed by the plants in large amount 
from the soil are carbon, hydrogen, oxygen, nitrogen, phosphorus, 
potassium, calcium, magnesium and sulphur. Phosphorus and potassium are 
most important macronutrients for the proper growth of plants and thus 
some time externally supplied to meet the plant requirement in the form of 
chemical fertilizers/'-^"'*^ However, the micronutrients, is needed in smaller 
quantities. These are chlorine, copper, boron, iron, manganese, molybdenum 
and zinc. The lists of some elements and their usable forms are given in 
Table 1. 
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Table 1 
The various elements and their usable forms by plants 
Elements Ionic or molecular form of 
usable elements 
Carbon COj 
Oxygen C02,H20,02 
Hydrogen Up, H^ 
Nitrogen NH/NOj", NO/ 
Calcium Ca^ ^ 
Potassium K"^  
Phosphorus HjPO '^ 
Sulfur SO/, SO3-, SO/-
Chlorine CI" 
Iron Fe^ /^Fe^ ^ 
Boron H3BO3 
Manganese Mn^ "^  
Zinc Zn^ ^ 
Copper Cu^ "^  
Molybdenum MoO^ "^ 
Cobalt Co2+ 
Nickel Ni2+ 
Silicon Si(0H)4 
Sodium Na"^  
Vanadium V^ " 
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MACRONUTRIENTS 
Plants take up carbon as CO^, hydrogen as HjO and H^ and oxygen 
as COj, 0^\ OH", CO3" and SO^ '^. Carbon, hydrogen and oxygen form about 
94% of the dry weight of plants. These are the major components of 
carbohydrates, proteins and fats. They also provide energy for the growth 
and development of plants by oxidative breakdown of carbohydrates, 
proteins and fats during cellular respiration. 
NITROGEN 
It is an essential constituent of metabolically active compounds 
such as amino acids, proteins, enzymes and non protemous compounds. It 
is most often considered the limiting factor in plants growth. It is also a 
constituent of chlorophyll, plant protems and nucleic acids. Poor plant 
yields are often due to the deficiency of nitrogen.'^ -^ "•^ *^  There are large 
quantities of nitrogen in the form of N2 gas in the atmosphere above the 
surface of the earth, but it cannot be utilized directly by the plants. Plants 
use rt in the form of N H / . NO^' and NOj'.^^ 
PHOSPHORUS 
It IS the second key plant nutrient It is an essential part of nucleo-
proteins present in cell nuclei of plants which control cell division and 
growth. Phosphorus is a structural component of cell membranes, 
chloroplasts and mitochondria and constituent of sugar phosphate viz., ADP, 
ATP, nucleic acid, phospholipids and phosphatides.^" It also play an 
important role in the energy transformation and in other metabolic 
processes occuring in plants.^' It also stimulates root growth. Plants have 
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one tenth as much phosphorus as they do of nitrogen. Soil phosphorus 
availability is low in sandy and low humus soils. Maximum phosphorus 
availability' is found in the range of 6.0-7.0 soil pH. 
POTASSIUM 
It is the third most commonly used plant nutrient. It plays an 
important role in the maintenance of cellular organization by regulating 
permeability of cell membranes and keeping the protoplasm in proper 
degree of hydration.^^ It is the most abundant metal cation found in plant 
cells. It occurs in plant in the form of K"^  ion. It is particularly important to 
control water in plants. Potassium ion is a positively charged and has 
restricted ability' to move through the soil. Potassium requirements in 
plants are high during early growth.^ ^ 
CALCIUM 
It is a constituent of the cell wall and behaves as an activator in 
different plant enzyme systems. It is also essential for the stability of cell 
membrane. '^''^ ^ It also imparts resistance to plants against fungal and 
bacterial diseases. 
MAGNESIUM ; 
It is a constituent of chlorophyll and chromosome. It is known to 
play a catalytic role in the activation of the number of enzymes, most of 
which are concerned with the carbohydrate metabolism.^'' 
SULPHUR 
It is required to synthesize sulphur containing amino acids and 
proteins. It comes in soil from many sources. The mineral pyrite (FeSj) is 
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commonly known as a best source in most soils and it oxidises to sulfuric 
acid. The other sources of sulfur are also found from acid rain 
contaminated with SOj' and SO3". Sulfur bearing pesticides and potassium 
sulfate are also the two major source of sulphur in agriculture soils. 
MICRONUTRIENTS : 
The micronutrients are boron, iron, manganese, zinc, copper, 
chlorine and molybdenum. They are also known as trace metals. These 
elements are essential for plant growth, that are needed only in minute 
quantities. The role of important micronutrients are still a matter of 
research and can be described as follows : 
BORON; 
It is a micronutrient whose function is not clearly understood. 
Boron deficiency is very common in humid areas, where available boron 
are leached down. Boron is found to be helpful in the growth of flowers and 
fruits. It also acts as an electron scavanger. 
IRON: 
It is an another important micronutrient which acts in the important 
functions of the plants and is involved in many oxidation reduction 
reactions. Iron has very low solubility in soil solutions under alkaline 
conditions. In strongly acidic solution, below pH 5, iron becomes 
increasing soluble and thus availability get enhanced in such soils.-'''^^ 
ZINC: 
It is essential for numerous enzymatic systems and is capable of 
forming many stable bonds with nitrogen and sulfur ligands."^ However, 
zinc IS not required in oxidation-reduction reactions. 
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COPPER 
It IS required in certain biological oxidation-reduction systems 
Coppei generally forms strong bonds with organics than the other metal 
ions The solubility of copper is also pH dependent with incieasing 10 
folds foi each pH unit lowering *"" 
M \ ^ G \ ^ E S E 
It IS the most abundant tiace element m soils but undei alkaline 
condition, it is mostl> iound to remain una\ailable foi plants due to then 
piecipitation and solid phase foimation "' It is nnohed in many enz>matic 
systems foi electron tiansport loxic concentiations of manganese aie 
more likely than for zinc,iron and coppei in acidic soils This is because 
some soils ha\e high manganese content due to then acidic charactei 
CHLORINE 
It IS thought to be helpful in the foimation of root growth 
Howe\ei. ver> little infoimation is known about its utilization by plants 
MOLYBDENUM 
It is present in the form of MoO^-" Howevei. it is needed by plants 
in small quantities Most of the micionutrients are found to exist in acidic 
soils due to then solubilit) except molybdenum which is less soluble in 
acidic but soluble in alkaline medium 
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PESTICIDES 
Pesticide is the major cause of pollution in the environment (land, 
water, air)that are used to control pests like fungi, insects, herbs or other 
animal pests. Pesticides have been extensively utilized since 1850, but 
before 1940s, they were used in smaller amounts and caused no harmful 
effects as they were considered to be a safe pesticide Their small 
amounts were not toxic to animals and human beings but had controlling 
power to insects, fungi, weed, etc. They were supposed to be decomposed 
biologically, if they remained in excess. However, some of the used 
chemicals were not completely decomposed, and on repeated application 
may accumulate in the soil, thereby making the soil hazardous for some of 
the microorganisms.^^"^^ Adsorbed systemic pesticides by plants and 
consumed by animal and humanbeings may be harmful.^ '^^ '^  
Classification of Pesticides 
Pesticides are broadly classified into the following classes 
(A) Insecticides 
(B) Fungicides 
(C) Herbicides 
(D) Nematocides 
(E) Rodentocides 
(F) Acricides. 
(A) INSECTICIDES : 
Insecticides are those substances which are used to kill or control 
various insects. Insecticides was first discovered in 1950 and thereafter 
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organochlorine compounds were widely introduced. They can be applied 
directly to soil or in the form of spray or dusts to foliage plants. The 
majority of chemical insecticides consist of an active ingredient and the 
amount of msecticides is homogeneously mixed in soil and applied in 
certain amounts. The chemical insecticides can be divided into four types: 
(i) Organochlorines 
(ii) Organophosphates 
(iii) Carbamates 
(iv) Pyrethroids. 
(i) ORGANOCHLORINES : 
The best commonly known organochlorine insecticide is DDT. It 
was discovered in 1939 by "Paul Muller". It is used for its broad spectrum 
of activity but its persistence and accumulation in the body of mammals is 
still a matter of concern.^ '^ '^ " The DDT primarily affects the central nervous 
system of animals. The other organochlorine pesticides are aldrin, 
endosulfan, gamma-HCH orgamma-BHC. They all have common chemical 
stabilit>', low solubility in water, moderate solubility in organic solvents 
and have low vapour pressure. The stability and solubility of the 
organochlorines suggest that they are highly persistent and may lead to a 
long term contamination in the environment.^' 
(ii) ORGANOPHOSPHATES : 
The organophosphate insecticides were originally discovered as a 
byproduct of research into nerve gases which were caiTied out during world 
war second. Most of the organophosphates are highly toxic to mammals 
but the\ are usually non-persistent and hence are posing less threat to the 
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environment than organochlorine/-'^^ 
A large number of organophosphate insecticides have a systemic 
action that is particularly effective against phloem feeding insects. The 
examples of organic phosphates compounds are dimethoate, metasystox. 
chlorp> rifos, dichlorofos, phorate,etc. 
(ill) CARBAMATES : 
The carbamates are generally less persistent and their mode of 
action is basically same as of organophosphates. In case of carbamates, the 
enzyme inhibition is more easily reversed and the insects can recover at 
their lower doses. The example of carbamate insecticides are malathion, 
parathion, serin, carbofuran, etc. 
(iv) PYRETHROIDS : 
Pyrethroids are most safe and natural insecticides. Synthetic 
pyrethroids have extremely high contact activity and are particularly 
effecti^e against larvae. They are also effective at very low doses. 
Examples of pyrethroids are cypermiethrin, permethrin, allethrin, 
fenvalerate and deltamethrin. 
(B) Fl'NGICIDES : 
Fungicides are those chemicals which control fungi and fungal 
diseases such as mildews, blights, smuts, rusts, scab, spot, rot, etc. There 
are two types: 
(i) SURFACE FUNGICIDES : 
Surface fungicides are used in the form of dust or sprays. Phenyl 
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murcun. alkylmercury, organic thiocarbamates (Thiram, Ziram), dinocap, 
etc. are the most common examples of this categories. Their active 
ingredients do not penetrate into the plant surface, but kill the fungus at 
surface spores. 
(ii) SYSTEMIC FUNGICIDES 
They are used for the control of a wide range of pathogenic fungi. 
The examples of chemicals of this class are benomyl, thiophantemethyl, 
carboxin, triarimal, dowca, etc. Some organophosphorus compounds with a 
low mammalian toxicity, such as 'Dowco' and Triarimal' are used for the 
control of powder '^ mildews and carboxin and also for seed dressing. 
All fungicides have low toxicity to plants, birds and mammals so 
they are not considered hazardous for environment.^^^^ However, some 
products contain metals that are known to accumulate in food chains and 
harmful to the humen. 
(C) HERBICIDES : 
Herbicides are considered among a group of organic chemicals 
which are used to destroy or suppress the growth of certain unwanted 
plants. According to the mode of action they are of three t>'pes. 
(i) SELECTIVE HERBICIDES : 
These herbicides are used to destroy unwanted plants or weeds. 
Farmers use selective herbicides such as mecoprop and dichloroprop to 
destroy or prevent the growth of weeds. However, they hinder the 
availability of light, moisture and nutrients, thus reduce crops yield. 
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(ii) RESIDUAL HERBICIDES : 
They are applied to the soil at the time of seedling where they 
remain active for several weeks and prevent the growth of weeds in 
competition with the main germinating crops. 
(iii) TRANSLOCATED HERBICIDES : 
It may be sprayed on the leaves and are able to move to all parts of 
the plants through the internal translocation mechanism. 
Some herbicides are called defoliants and these are the chemicals 
which cause leaf fall resulting in the subsequent death of the plants.''^ They 
also inhibit photosynthesis in plants at their higher concentrations.. 
Herbicides have a varying time of persistence in the soil ranging 
from a few hours for paraquat, a few w eeks for 2,4-D, MCPA and Dalapon. 
a few months for 2,4,5-T and upto 1 year for simazine. 
(D) NEMATOCIDES : 
Nematocides are used for controlling underground parasitic 
nematodes that attack the roots or root hairs of plants. Nematode problems 
occur in all areas of the world where crops are grown. Due to the lack of 
knowledge sometimes the application of nematocides may cause crop 
losses.^ ^"^^ 
Two types of nematocidal chemicals are utilised for controlling 
nematodes. These are : 
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(i) SOIL FUMIGANTS : 
The first fumigant nematocides was discovered in 1951 namely 
"ethylene dibromide". Soil fumigation provides protection to crop plants 
for prolong periods (4 month to 3 years) possess a high proportion of 
active ingredients and remain effective against nematodes.^^ The dose of 
parasitic nematodes is 10 to 60 pounds per acre. It completely kills 
nematodes at early stages. Fumigant nematocides are usually formulated as 
liquids which vaporize and move through air spaces in soil after 
vaporization. They tend to move deep in to soil layers and have a broad 
spectrum of biocidal activity and are applied at controlled rates. Since they 
are phytotoxic except l,2-dibromo-3-chloropropane (DBCP).^' Some of 
the important fumigants are methyl bromide (MB), 1,3-dichloropropene and 
methylisothiocyanate. 
(ii) NONFUMIGANTS : 
Nonfumigants nematocides were introduced commercially in 
1970. These nematocides are also called as systemic nematocides. They 
are often formulated as granules but some are also available in the form of 
liquids for spraying on soil or foliage. As compared to fumigants, non-
fumigants do not move deep to the soil. Thus tend to have a narrower 
spectrum of biocidal activity. The examples of non-fumigants nematocides 
are carbofuran, fenamiphos, oxamyl, etc. 
(E) RODENTOCIDES : 
These are used to control and kill rats, mice, squarrels, ground 
hods, field rodents, etc. Warfarin, sodium fluoroacetate, nor-bromide, 
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calcium cyanide, etc. are the common chemicals that are used as 
rodenticides. Warfarin acts as anticoagulant and depresses prothrombin 
level, which is a blood protein required for blood clotting. Sodium 
fluoroacetate, an extremely hazardous rodent killer, causes 
hyperstimulation in central nervous system and affects hearts action of rats. 
Nor-bromide constricts small peripheral blood vessels of rats.^ "^  
(F) ACRICIDES : 
Acricides are used for controlling mites that are harmful to fruit 
trees and other crops. The commonly used chemicals for this purpose are 
aryl alkyl sulphides, chlorofension and dicofol, etc. 
With increasing use of pesticides in agriculture, doubts were 
raised concerning the effects of these chemicals upon the environment 
during 1955 and early 1960s. "Rachael Carson" recognised the dangers of 
pesticides in polluting environment produced evidence of toxic effects 
upon wild life and potential hazard to man in her famous book "Silent 
Spring". Since, a number of workers have carried out experiments on 
various aspects of enviroimiental pollution caused by pesticides.*^^^^ 
Some pesticides are described as stable and persistent which 
means that they remain in soil for varying period of time such pollutive 
chemicals may enter the food through leaves and may be absorbed from 
soil through plant roots. In general, the harmful effects of pesticides can 
direct!) be related to their persistence and accumulation in the 
environment, as well as within the body tissues of animals and humans. 
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SOIL POLLUTION 
A change in the environment due to excessive discharge of certain 
foreign matter results from activities of man is called pollution. These 
foreign matters which cause pollution are called pollutants. Soil pollution 
has become an increasingly important aspect of environmental arena in the 
wake of rapid industrialization and ever-increasing use of pesticides in 
agriculture. It has assumed a stage of great concern in almost every part of 
the world. These hazardous materials include both inorganic and organic 
chemicals which accumulate in soil and move into the plants and ultimately 
to humen and animals through their food chains. 
(A) INORGANIC POLLUTANTS : 
Among inorganic pollutants, some toxic heavy metals are most 
important. Literature survey has revealed the toxic behaviour of certain 
hea\A metals in plants and animals^^^^. Heavy metals like lead, cadmium, 
chrominium, nickel and silver^ "^^ ^ have significantly detected in soil due to 
the industrial wastes, refuse burning, transport, power generation, etc.^ '*"^ ^ 
They have formed to depress plant yield at their diffrerent level of 
application. 
Naplekova and Stepamova^^ have observed the effect of hea\y 
metals on microflora of the soil. They have shown that lead and cadmium 
affect the soil biological activity. Ito and Yumura^^ reported the order of 
various trace metals to cause upto 50 per cent growth inhibition of 
vegetation. 
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Woltz and Chambliss^^ studied the growth reduction and toxicity 
symptoms in bushbean and soyabean. They observed that these plants were 
severely affected by some trace metals accumulation. The symptoms of 
cadmium toxicity was mdicated by a red brown discolouration of leaf veins, 
petioles and stems. 
The heavy metals toxicity and their mobility through soil are 
largely affected by the formation of metal -SOM, metal-HA complexes. 
These complexes are reported to interfere with other trace metals in soil 
and alter the adsorption of nutrients by plants. 
For human health, the toxicity of various metals are ver>' complex. 
They are generally bound to functional groups of enzymes, amino acids, 
proteins and other biomolecules. These metals have many physical 
properties in common but their chemical properties are quite diverse and 
hence their toxic effects are different. Many metals are essential to life in 
their trace amount but are toxic to the same organism at higher 
concentration. 
(B) ORGANIC POLLUTANTS : 
The sewage sludge, domestic and industrial waste contain many 
types of organic compound like organic acids, alcohols, aldehydes, ketones, 
amino acids and others. These volatile and non-volatile organic chemicals 
are also produced as a result of chemical^°° and biochemical'^' 
decomposition of soil organic matter used in agriculture in the form of 
green manure and of the crop residues. Pesticides, plant growth regulators 
and fertilizers are used beneficially in many agricultural practices. 
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However, there indiscriminate utilization and lack of knowledge of their 
applications to the farmers caused a serious problem of soil pollution. 
Accumulation of pesticides in soil and subsequent mobilization into the 
plants have aroused a serious concern and cause many injurious effects on 
the microflora'^ '^ , microorganism and ground water. "^^ ''"-'' 
The specific role played by the different pesticides such as 
endosulfan, dichlorfos, monocrotophos, malathion, bavistin, 2,4-D, etc. and 
related compounds on life processes of different microorganisms and on 
the growth of various crops under Indian environmental condition are yet to 
be examined. This has become a very facinating field in modem agriculture 
specially in India where this is in the developing stage. 
FLY ASH 
Fly ash is one of the solid industrial waste produced in huge 
quantities at most of the thermal power plants. There are at present more 
than 47 thermal power plants'°^''°^ in India capable of producing about 7.0 
million tonnes of fly ash every year. The fly ash obtained from thermal 
power station, Kasimpur, situated in Aligarh district consists predominantly 
of quartz with alumina, silica, and unbumt carbon'^ ^ along with several plant 
nutrients along with some toxic heavy metals. It is seen that the average 
percentage of different chemical constituents in Indian fly ash is Si02 
44.13-57.96; AI2O3 20.81-26.99, Yefi^ 4.31-17.47, CaO 3.06-5.95 and 
MgO 1.12-2.36. The Indian fly ashes contain relatively higher amounts of 
Si02, AI2O3 and unbumt fuel and smaller amounts of Fe203. 
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Fly ash is a complex mixture of various solids, semi-solids and 
gaseous phases of hundreds of inorganic and organic matters. The fly ash 
also contain aromatic hydrocarbons with polar groups capable of forming 
H bond with metal ions.'^^"^^' 
Fly ash is associated with greater quantities of most of the 
essential plant nutrients except nitrogen"^'"^. The micronutrients iron, 
mangnese, zinc, copper, boron, molybdenum are present in fly ash that are 
essential to plants and animals. The pH of fly ash usually varies m the range 
of 6.5 to 10.5."^ Fly ash is also associated with various toxic heavy metals 
such as chromium, lead, nickel, vanadium and barium.'^^"'^° The presence 
of toxic metals in greater amounts make it hazardous for uptake in 
agricultural purposes. These toxic metals also hinder the nutrients 
utilization by plants and adversely affect the microbial population which in 
turn govern the soil fertility by way of their greater participation in 
conversion of their useful constituents through the processes of oxidation-
reduction, solubilization, nitrification, denitrification and ammonification 
of nitrogen, etc. in soil.^^' "Pichtel" has shown that respiration and 
enzymatic activities of microbial population were typically decreased with 
the increasing amount of fly ash amendments in soil. Thus, fly ash has a 
great potential to be utilized as a source of major and micronutrients 
required for healthy plant growth. 
SOIL ADSORPTION 
The term adsorption was first used by "Kayser" in 1881 and it 
refers strictly to the existence of higher concentration of any particular 
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component at the surface of liquid or solid phase than in the bulk.'^^ The 
adsorption may be of two types namely physical and chemical. The physical 
adsorption occurs mainly due to weak forces like ion-dipole, dipole-dipole, 
polarization or induced dipole, vanderwaal's forces, etc. The physical 
adsorption is higher at low temperature. It is reversible adsorption and 
temporary in character. It usually involves lesser heat changes.'^^ While 
chemical adsorption is due to the formation of chemical linkages between 
adsorbate and adsorbent which gives rise to a permanent binding of species 
over adsorbent surfaces. The chemical adsorption is non-reversible and is 
carried out at high temperature. It is characterized by a large heat change 
during adsorption.'^'''^^^ 
Adsorption of inorganic or organic components have gained 
considerable importance in the field of soil chemistry. In recent years, Kuo 
and Baker'26, Curtin et al.^ ^ ,^ Elliot and Huang'^ s^ Bittell and Miller^ 29 j^^ j^ 
others have studied the adsorption phenomena in relation to soil and clays 
in various aspects. 
The phenomenon of adsorption on soil colloids or clays is mostly 
confined to the surface of colloidal particles possessing the reactive sites. 
In most cases, adsorption takes place by exchange of ions. Ion exchange 
itself may be considered to be as partly adsorption and partly as desorption 
processes, where negative charge on the clay and electrical double layer 
formed around it, are responsible. 
The adsorption of ions is governed by nature and concentration of 
ions and the type of colloidal particles. In case of cations, the higher the 
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valence of ion. the more strongly it adsorbed and more difficult for its 
replacement. For cation of the same valency, the higher the atomic number 
the greater is the adsorption. H"^  is found to be adsorbed more strongly due 
to its smaller size. The adsorption of cations over clays and soils is found 
to increase with the increase in concentration. The property of adsorption 
also plays an important role in determining the soil fertility. It is due to 
this property that soil is able to hold water and plant nutrients and keep 
them available for the use of growing plants. The study of adsorption is 
important in understanding the mechanism of interaction of simple organic 
molecules and pesticides on soils and clays. 
Adsorption of pesticides and organics by clay minerals is an 
important factor in determining the fate of pesticides in the soil 
environment. Pesticides adsorb on both organic and inorganic surfaces 
depending upon the chemical properties of adsorbent and adsorbate 
involved.'^ ^^ Basic pesticides are reported to be adsorbed more strongly on 
soil organic matter'^ ^ whereas acidic pesticides are adsorbed in moderate 
amounts on organic matter. Non-ionic pesticides are adsorbed in greater 
amount by organic matter. Leenheer and Ahlrichs^^^ have reported the 
adsorption of carbamate and organophosphate insecticides by soil organic 
matter. 
SOIL THIN LAYER CHROMATOGRAPHY 
Chromatographic method is considered to be an inexpensive 
method used for separation and identification of organic and inorganic 
compounds.'"''^"^ Soil TLC was successfully introduced in 1968 for the 
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study of movement of pesticides in soil and called as "Soil thin layer 
chromatography" when other methods fail to give satisfactory results. This 
technique is further successfully applied to study the translocation of 
various pesticides'^-^ '''*'. organics'" and trace metals'''^. These methods of 
chemical separation could be performed with modest equipment namely, 
gas, paper, thin layer chromatograms and may be formed by partition, 
adsorption, ion-exchange or their combinations. The principle of the 
chromatographic techniques where components of mixture could be 
separated from one another by passing it through two phase systems, one 
mobile which may be liquid or gas and which is in equilibrium with a 
stationaiy phase i.e. paper, silica gel, soil, clays or ion exchange resin. 
The preparation of soil TLC plates is carried out by spreading a 
uniform thin layer of aqueous soil slurry with the help of an applicator. It is 
then allowed to stand overnight for drying.''''^ The thickness of the layer on 
soil TLC plates is kept in the range of 0.15 to 2.0 mm, is important with 
respect to Rj^ for diagnosis in the qualitative work.'''* '^ The substance to be 
studied is normally applied by touching the tip of a filled capillary on the 
soil TLC plates. The thin layer chromatograms are then developed to a 
distance \0 cm. from the spotted compound. The plates are then dried and 
the compounds or ions are then detected by spraying a suitable chemical 
that act as a colouring agent or detector. 
The height of chromatogram is dependent upon the adsorption 
affinity of the corresponding component and the width is proportional to 
the quantity of the loaded substance. The movement in terms of R, values 
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can be calculated as 
distance travelled by solutes 
distance travelled by solvent 
Rf = 
Soil thin layer chromatographic method have been successfully utilized by 
Singhal and Singh'"" for the mobility of trace elements, Singhal et al. '^'^  for 
the mobility of heavy metals and Khan et al'"*^  for the mobility of organic 
acids and bases and the heavy metals mobility in soils. 
Thus, soil thin layer chromatography provides, a fascinating field 
in soil research for investigating problems in various applied or non-
applied fields. 
THE PROBLEMS 
The problem of the thesis which deals with the "Interaction of farm 
chemicals and fly ash with soil and crops" has been divided into three 
chapters. 
Chapter I deals with General Introduction containing (a) 
composition of soil including mineral matters, soil organic matter, soil 
water and soil air, (b) Physico-chemical properties of the soil including 
mechanical composition, soil pH, electrical conductivity, exchangeable 
cations and cation exchange capacity, (c) living organisms in soil, (d) plant 
nutrients, (e) Pesticides, (f) Soil pollution, (g) Fly ash , (h) Soil adsorption, 
(i) Soil TLC. 
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The knowledge on the basis of survey of literatures on the above 
topics were important for building a sound background to carry out 
research in the field of soil chemistry. 
Chapter II : Effect of some organic compounds on the mobility of 
some trace metals through soil amended with fly ash. 
Chapter III : Influence of some pesticides on the mobility of some 
trace metals through soil amended with and without fly ash. 
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CHAPTER-II 
€FF€CT OF SOMC ORGilNIC COAAPOUNDS 
ON TH€ MOSiLITV OF SOM€ TRRCC 
MCTflLS THROUGH SOIL nMCNDCD WITH 
FLV nSH 
INTRODUCTION 
Various synthetic, volatile and non-volatile organic chemicals 
are released in the environment from the industries and chemical 
laboratories in appreciable amount. It has also been revealed in 
literature that several organic compounds such as aldehydes, ketones, 
carboxylic acids, alcohols^etc. that are produced in soil as a result of 
chemical'or biochemical^"^ decomposition of organic matter remain in 
soil environment. They have been found to play an important role in the 
translocation of soil micro-nutrients as well as toxic heavy metals and 
their availability to plants. Higher dosages of these organic chemicals 
sometimes become fatal to plants and adversely affect the life 
processes of soil microorganisms. 
Among trace metals, zinc, copper and cobalt are regarded as 
micronutrients and are required for healthy growth of plants and 
animals. Zinc is essential for numerous enzymatic systems. Zinc 
containing enzyme is involved in auxine production. It also acts as a 
prosthetic group which converts tryptophan to indole acetic acid (lAA). 
However, it is not subjected to oxidation-reduction reaction in soil plant 
systems. On the other hand, copper is required in certain biological 
oxidation-reduction systems. It is also essential in many plant enzyme 
systems and is involved in many reactions involved in electron transfer. 
Copper generally forms stronger Cu-organic bonds than the other metal 
ions. Cobalt is regarded to be essential for symbiotic N^ fixation in 
certain microorganisms and in the synthesis of Vit. B^^ needed for 
animal health. Silver and lead'*'^  are hazardous for plants and also 
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adversely affect the animal health'""^-\ Inhalation and ingestion are the 
two major modes of their entry into human being. Particular concern 
has been generated over the possibility of toxic elements entering the 
food chain through plants. In order to devise methods for minimizing 
the content of these metals into food, information is needed for the 
conditions of their translocation through soil that are influencing their 
availability and uptake by plants. 
The flyash has a great potential to be utilized as a source of 
major and micro-nutrients required for healthy plant growth. Fly ash is 
associated with various useful constituent such as calcium, magnesium, 
iron, copper, zinc, manganese, boron, sulphur and phosphorus along with 
appreciable amount of toxic heavy metals such as chromium, lead, 
mercur}'. nickel, vanadium and barium'''''^. The use of fly ash as a source 
of plant nutrients are tried in agriculture and has became topic of 
research and debate in recent years.^ '^^ ^ However, a little information is 
available in literature on the role of fly ash in the translocation of trace 
metals through soil amended with it in relation of these soil organics. 
This experiment was designed with a view to assertaining the role of 
certain organic compounds namely, acetic acid, formic acid, ethanol, 
methanol, acetaldehyde, formaldehyde, acetone and ethyl methyl ketone 
on the translocation of some trace metals such as cobalt, zinc, copper, 
silver and lead through soil amended with fly ash by using a rapid and 
inexpensive method of soil thin layer chromatography. 
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EXPERIMENTAL : 
DETERMINATION OF MECHANICAL COMPOSITION : 
The mechanical composition of soil sample was determined by 
international pipette method.- '^ 
REAGENTS REQUIRED : 
(i) 30% hydrogen peroxide 
(ii) 0.2N hydrochloric acid 
(iii) Sodium oxalate 
PROCEDURE : 
The soil used in this investigation was an illitic, fine sandy loam 
collected from Agricultural farm of Aligarh Muslim University, Aligarh 
(U.P.). For this, a 10 g soil sample, previously passed through a 7 mesh 
sieve was dispersed in water after treatment with 30% H^Oj to remove 
organic matter along with 0.2N HCl and 50 ml sodium oxalate (8 g/ 
litre) as dispersing agent. The percentage of sand was calculated from 
the weight of residue left behind over 200 mesh sieves. The suspension 
was diluted to 500 ml and transferred to a graduated boiling tube at 
25±1°C. A 10 ml sample was pipetted out. It was then dried and weighed. 
The percentage of silt was then calculated from the weight of residues. 
The results of mechanical analysis were recorded in table 2. 
Fly ash was collected from Thermal power plant, Kasimpur in 
Aligarh district (U.P.). The mechanical composition of fly ash was 
determined by the same method as used in soil analysis. The results of 
mechanical analysis of fly ash are recorded in table 2. 
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DETERMINATION OF PH : 
The pH of the soil and fly ash were recorded with Elico pH 
meter, model LI 120 with glass and saturated calomel electrodes 
assembly. A 1:5 soil : water and flyash ; water ratio were used for 
measuring the pH of soil and fly ash respectively and is recorded in 
table 2. 
DETERMINATION OF ELECTRICAL CONDUCTIVITY : 
The electrical conductivity of the soil and fly ash were measured 
with Phillips conductivity bridge^^ and dip type cell at 30+r'C. A 1:5 
soil:water and fly ash:water ratio were used for the measurement and 
are recorded in table 2. 
DETERMINATION OF ORGANIC MATTER : 
Method of Walkey and Black^'' was used for the determination 
of organic matter content in soil and fly ash . 
REAGENTS REQUIRED : 
i) Potassium dichoromate : 1 N aqueous solution 
ii) Cone, sulphuric acid 
iii) Orthophosphoric acid, 85% 
iv) Diphenylamine indicator : 1% of ethanolic solution 
v) Ferrous ammonium sulphate : N/2 aqueous solution 
PROCEDURE : 
A 2 gm of soil or fly ash was taken in 500 ml conical flask, 10 
ml of 1 N potassium dichoromate solution and 20 ml of concentrated 
sulphuric acid were added to it. The flask was shaken vigorously several 
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times and allowed to stand for 30 minutes and thereafter 200 ml of 
distilled water, 10 ml of orthophosphoric acid and 1 ml of 
diphenylamine indicator were added to the flask. The excess of 
unreacted potassium dichromate was titrated against standard N/2 
ferrous ammonium sulphate solution till the violet colour changes to a 
purple and finally to green colour. Reagents blank determination was 
also carried out in the same way. From the volume of dichromate 
solution used for oxidation process, the organic carbon was calculated 
by using the expression : 
(Blank titre-Actual titre) x 0.003 x N/2 x 100 
Organic Carbon = 
Weight of dry soil in gm 
Where N/2 is the concentration of ferrous ammonium sulphate. 
The value of organic carbon was converted to organic matter by 
multiplying it with the factor 1.724. The percentage of organic matter 
of soil and fly ash are recorded in tabled 
DETERMINATION OF AVAILABLE NITROGEN : 
Available nitrogen was determined by the method of Hesse as 
follows : 
DETERMINATION OF AMMONIUM NITROGEN 
REAGENTS REQUIRED 
(i) Potassium chloride solution (2M) 
(ii) Magnesium oxide 
(iii) Mixed indicator (0.1 bromocresol green and 0.07 gm methyl red 
in 100 ml ethanol) 
(iv) Boric acid solution 
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PROCEDURE: 
5g soil or fly ash was taken in 100 ml glass stoppered conical 
flask. A 50 ml of 2M KCl solution was added in it. The flask was shaken 
vigorously for an hour and soluble contents were extracted through 
Whatman filter paper No. 42. A 10 ml solution from extracts was taken 
in distillation flask and diluted with 50 ml distilled water. A 0.5 g 
magnesium oxide was added through a long stemmed funnel into the 
flask. Ammonia was distilled into a solution of 5 ml boric acid 
containing mixed indicator through a condenser until the final volume 
of distillate was reached to about 30 ml. The boric acid was then titrated 
with M/70 HCl by using a micro burette until the green colour changed 
to pink. A blank was also run in a same way. The available ammonium 
nitrogen was calculated using the relation. 
I ml of M/70 HCl = 0.2 gm of nitrogen. 
The results obtained are recorded in table 2. 
DETERMINATION OF NITRITE NITROGEN : 
REAGENTS REQUIRED : 
(i) All the reagents used in the determination of ammonium nitrogen 
(ii) Devarda alloy : Finally grounded and passed through 0.15 mm 
sieve. 
PROCEDURE: 
After distillation of NH '^^ -N, the stopper of the distillation flask 
was removed. Therefore, 0.2 g of Devarda alloy and 50 ml of distilled 
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water was added to it. The distillation flask was stoppered and then 
ammonia was distilled in a fresh portion of boric acid solution. About 
30 ml distillate was collected and titrated with M/70 HCl. The value of 
nitrite nitrogen plus nitrate nitrogen was calculated in the same manner 
as described in the determination of ammonium nitrogen. The value of 
nitrite-nitrogen was obtained by substracting the value of nitrite 
nitrogen from it. The results are given in table 2. 
DETERMINATION OF NITRATE NITROGEN : 
REAGENTS REQUIRED : 
(i) All the reagents are used in the determination of nitrite nitrogen. 
(ii) A 2% sulphamic acid solution. 
PROCEDURE: 
The experimental procedure was partly the same as described in 
the determination of ammonium nitrogen. After the removal of 
distillation flask, 1 ml of 2% aqueous solution of sulphamic acid was 
added to it. The distillation flask was swirled for few seconds to destroy 
the nitrate. Accordingly, 0.2 g Devarda alloy and 50 ml distilled water 
were added in distillation flask. It was stoppered and ammonia was 
distilled with a fresh portion of boric acid solution. About 30 ml 
distillate was collected in each case and titrated with M/70 HCl. The 
value of nitrate nitrogen was calculated in same manner as described in 
the determination of ammonium nitrogen. The results are given in 
table 2. 
55 
DETERMINATION OF AVAILABLE PHOSPHORUS : 
Available phosphorus was determined by the method of Olsen 
(1954) as : 
REAGENTS REQUIRED : 
(i) Ammonium molybdate solution [15 g (NH4)2Mo04 + 30 ml cone. 
HCl in 65 ml distilled water]. 
(ii) Stannous chloride solution (10 g SnCl2.2H20 + 25 ml cone. HCl 
in 360 ml water) 
PROCEDURE : 
A 5 g of soil or fly ash was taken in 150 ml conical flask. One 
teaspoon of carbon black was added in conical flask. Then, it was treated 
with 100 ml of extracting solution (0.5M NaHC03, pH 8.5). Content of 
flask was shaken for 30 mins on a mechanical shaker and then it was 
filtered through Whatman filter paper No. 42. A 5 ml of the clear 
extract was taken in 25 ml measuring flask and 5 ml of ammonium 
molybdate was added to it. The neck of the flask was washed with 
distilled water. After shaking the solution, 1 ml of stannous chloride 
was added to it and then, volume was made up to the mark. Blue colour 
was then developed. A blank was prepared in the same way. The 
absorbance of the solution was recorded with Bausch and Lomb using 
spectronic '20' at a wavelength^:TS5P;,ji. ^^ing a red filter. The results 
are given in table 2. ^ n 7^ i <7'-7 ^ \ 
i ' Ace. No )^ 
^ V ••' "(,/ 
^'' '^// \ ' If - . 
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DETERMINATION OF CATION EXCHANGE CAPACITY 
Cation exchange capacity was determined by the method of 
Jackson, (1958). 
REAGENTS REQUIRED : 
i) Hydrochloric acid 0.05 N 
ii) Sodium acetate (pH 5) 
iii) EDTA solution 
iv) Eriochrome Black "T" : 1% ethanolic solution 
v) Buffer solution ofpHlO 
vi) Sodium cyanide solution : 2% aqueous solution 
PROCEDURE : 
A 5 gm soil sample was taken in a 100 ml conical flask and the 
soluble salts were washed out by treating the soil with 0.05N HCl and 
finally with distilled water. It was further treated with IN sodium 
acetate of pH 5 for 30 minutes with intermittent stirring. The treated 
sample was given five washings with IN standard calcium chloride 
solution. The excess salt was removed by washing with 80% aqueous 
acetone solution until the excess CaCl2 is removed, as indicated by a 
negative AgNGj test for chloride ion in the final washing. The calcium 
ions were exchanged from Ca saturated soils by means of exchanging it 
with a neutral IN sodium acetate solution. The washings were collected 
and utilized in the determination of exchanged Ca-^"*^  by titrating it with 
a standard EDTA solution, using 10 ml of the NH^Cl-NH^OH buffer of 
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Table 2 
Physco-chemical properties of Hirapur fine sandy loam 
soil and fly ash 
Parameters 
pH (1:5 soil/F.A.: water) 
Electrical conductivity (dS 
Mechanical analysis 
Sand (%) 
Silt (%) 
Clay (%) 
Organic mater (%) 
Available (mg/Kg soil or 
NH/-N 
NO^-'N 
NO,--N 
Phosphorus 
Im-i) 
FA) 
Soil 
8.4 
1.65 
60% 
26% 
14% 
0.45% 
36,40 
7.20 
28.00 
35.00 
FIv ash 
6.7 
7.10 
25.5% 
72.5% 
2.0%o 
0.6% 
30 40 
3.20 
24.80 
470.00 
Other properties of soil : CEC : 16.3 meq 100 g"' soil; Exchangeable 
Na+ : 1.0, K+ : 0.5, Ca^ + : 3.5 and Mg+^ : 1.2 meq 100 gm'' soil 
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pH 10 and eriochrome black "T" indicator with 1 ml of 2% NaCN 
solution as masking agent for interfering ions. 
A reagent blank was also run simultaneously to avoid any error 
due to impurities. The blank readings were subtracted from the readings 
of calcium determination. From the volume of the EDTA used, the 
values of cation exchange capacity was calculated using the expression: 
V X N X 100 
Cation Exchange Capacity = meq 100 gm"^  soil 
Weight of the soil in gm. 
Where, V is the volume of EDTA, N is the normality of EDTA 
solution used. The cation exchange capacity of soil is recorded in 
table 2. 
DETERMINATION OF EXCHANGEABLE CATIONS : 
The exchangeable cations of soil were determined as follows : 
REAGENTS REQUIRED : 
(i) Aqueous solution of ammonium acetate (IN) 
(ii) Nitric acid (6N) 
(iii) 30% hydrogen peroxide 
(iv) 6N hydrochloric acid 
(v) 10% potassium hydroxide 
(vi) EDTA solution 
(vii) Standard solution of sodium and potassium 
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PROCEDURE: 
A 50 gm air dried soil sample was taken into a 250 ml conical 
flask and a 100 ml of IN NH^OAC was added to it. The content of the 
flask was shaken for 20 minutes and allowed to stand overnight. The soil 
contents were then transferred into a buckner funnel, in which a moist 
Whatman filter paper No. 42 had been seated by a gentle suction. The 
soil was leached with an additional 400 ml of NH^OAC. The filtrate 
containing NH^OAc extract of the soil was evaporated to dryness on a 
steam plate. The dark colour residue containing organic matter was 
treated with 2 ml of 30% H2O2 and 2 ml of HNO3 and heated to dryness 
on a steam plate. The dried organic matter free residue was then 
dissolved in 10 ml of 6N HCl and diluted with distilled water. It was 
filtered through Whatman filter paper No. 42 and the volume was made 
upto 100 ml. This solution was used in the determination of 
exchangeable Ca, Mg, Na and K in soil. Exchangeable calcium plus 
magnesium was estimated in the 10 ml of the above solution by EDTA 
titration with half test tube of the buffer solution (pH 10) and 4-5 drops 
of eriochrome black "T" indicator. Calcium was also estimated 
separately by using mureoxide indicator with 10% KOH as 
recommended by Jackson (1958). The volume of EDTA solution for 
magnesium was calculated by subtracting the volume for calcium from 
the volume of calcium plus magnesium used. 
The exchangeable sodium and potassium were estimated in the 
above solution by using "Systronicks" flame photometer. Standard curves 
(Fig. 3) of sodium and potassium were used for calculating the amounts 
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of Na and K in the above soil solution. The amount of exchangeable 
Ca^^, Mg^ "^ , Na"^  and K"^  are recorded in table 2. 
DETERMINATION OF MOBILITY (R,-VALUE) OF TRACE METALS 
BY SOIL THIN LAYER CHROMATOGRAPHY : 
Mobilities of trace metals in terms of R^-values in soil were 
made as discussed below. 
APPARATUS REQUIRED : 
TLC applicator, glass plates (20 cm x 4 cm) TLC jars with 
covers, glass sprayer and 10 mesh sieve (BSS). 
REAGENTS REQUIRED : 
The standard solution of 0.25M of formic acid, acetic acid, 
methanol, ethanol, formaldehyde, acetaldehyde, acetone and ethyl-
methyl ketone were prepared in distilled water and was utilized as 
developers. 
The standard solution of respective metals cobalt, zinc, copper, 
silver and lead w^ere prepared in distilled water. Detector (w/v) 
haemotoxylin was prepared in ethanol. 
PREPARATION OF PLATES : 
For the -measurement of Revalues, the soil sample was grounded 
and passed through a 100 mesh sieve to obtained a homogenous particle 
size. Fly ash was mixed with the soil at the rate of 00, 2.5, 5.0, 7.5, 
10.0 and 12.5 g/kg soil. The slurry of this amended soil was prepared in 
distilled water. Glass plates were cleaned with distilled water and with 
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50% methanol water acidified with hydrochloric acid and then soil 
slurry was coated on glassplates with an uniform layer of 0.5 mm 
thickness in each case. These plates were air dried at room temperature. 
Two lines were drawn at 4 cm and 14 cm from the base on the plate so 
as to allow developer to run a distance of 10 cm for the study. An 
aqueous solution of O.OIM of Co, Zn, Cu, Ag and Pb nitrates were 
spotted on the baseline with the help of micropipette. The plates were 
wrapped with the wet filter paper at the bottom to prevent soil 
disintegration and then were developed by ascending chromatographic 
method in closed TLC chamber using distilled water and aqueous 
solution of organic compounds such as formic acid, acetic acid, 
methanol, ethanol, formaldehyde, acetaldehyde, acetone and ethyl 
methyl ketone. 
DRYING AND DETECTION OF CHROMATOGRAPHY : 
The developed plates were air dried at 60°C temperature. Co^ "^ , 
Cu'"*^ , Zn^ "^  and Pb^ "^  were detected as violet spot of metal haemotoxylin 
complexes by spraying 0.1% (w/v) ethanolic solution of haemotoxylin 
whereas Ag"^  was detected as red spot. 
MEASUREMENT OF REVALUES 
The Rf values (mobility) were measured by the relation : 
(RL + RT-)/2 
Rf values = 
10 
where R^ and Rj are tailing and leading distances from the base line. 
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RESULTS AND DISCUSSION 
It is evident (vide Fig. 4) that mobility of trace metals, namely, 
Co, Zn, Cu, Ag and pb varies with varying concentration of fly ash in 
soil as well as with the nature of organic compounds used as mobile 
phase. The mobility of various metal ions follows the order Co > Zn > 
Cu > Ag > Pb through soil amended with fly ash as a static phase and 
water as a mobile phase. These results are in close agreements with the 
work of Gaszcyk et al.^ "* This order of mobility seems to be inversely 
related to the order of their binding capacity of given ions with the soil 
colloids. The mobility order of metal ions in case of aldehydes and 
ketones follows the order Co > Cu > Zn > Ag > Pb, which are slightly 
different from the above. The variation in the order of mobilities 
between copper and zinc in the systems of acid and alcohols on one 
hand and aldehydes and ketones on the other hand may be attributed due 
to the difference in the rate of their permeability and nature of 
functional groups present in the mobile phase of these systems. The 
mobility is found to decrease with the increasing dosages of fly ash in 
soil and attributed to the enhancement in the adsorbing capacity caused 
by the unburnt carbon content (0.6%) in fly ash. 
The order of organic compounds in the translocation of trace 
metals through soil are governed by their chemical behaviour in soil. 
These organic compounds indicate the mobility order in the various soil 
systems as formic acid > acetic acid > methanol > acetone > 
formaldehyde > ethyl methyl ketone > acetaldehyde > ethanol. The 
highest mobility in case of formic acid and acetic acid seemed to be 
governed by their ionizing as well as solubilizing tendencies as revealed 
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Table 3 
Effect of distilled water on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2.5g S.Og 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.18 0.17 0.15 0.14 0.13 0.13 
Cu^^ 0.16 0.15 0.14 0.13 0.12 0.11 
Zn^^ 0.15 0.14 0.13 0.11 0.10 0.09 
Ag^ 0.13 0.12 0.11 0.10 0.09 0.07 
Pb2+ 0.11 0.10 0.09 0.08 0.07 0.06 
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Table 4 
Effect of formic acid on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2.5g 5.0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.23 0.22 0.21 0.20 0.19 0.18 
Cu^^ 0.21 0.19 0.18 0.17 0.16 0.15 
Zn2+ 0.18 0.17 0.16 0.15 0.14 0.13 
Ag+ 0.14 0.13 0.12 0.11 0.10 0.10 
Pb2+ 0.13 0.12 0.11 0.09 0.08 0.07 
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Table 5 
Effect of acetic acid on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2.5g 5,0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.21 0 .18 0.17 0.16 0.15 0 .15 
Cu -^" 0.20 0.17 0.16 0 .15 0 .14 0.13 
Zn2+ 0.17 0.16 0.15 0.14 0.13 0.13 
Ag+ 0.13 0.12 0.11 0.10 0.09 0.08 
Pb^^ 0.12 0.10 0.09 0.08 0.07 0.07 
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Table 6 
Effect of methanol on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2.5g S.Og 7.5g lO.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.20 .019 0.17 0.15 0.13 0.12 
Cu2+ 0.17 0.16 0.14 0.12 0.11 0.11 
Zn2+ 0.15 0.13 0.11 0.10 0.09 0.09 
Ag+ 0.14 0.12 0.10 0.09 0.08 0.08 
Pb2+ 0.11 0.09 0.07 0.06 0.05 0.05 
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Table 7 
Effect of ethanol on the mobility of trace metals through 
soil amended with fly ash 
Trace 0 dose 2.5g 5.0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.14 0.13 0.12 0.11 0.10 0.10 
Cu2+ 0.13 0.12 0.11 0.10 0.09 0.08 
Zn2+ 0.12 0.10 0.09 0.08 0.07 0.07 
Ag^ 0.11 0.09 0.08 0.07 0.06 0.05 
Pb^^ 0.09 0.08 0.07 0.06 0.04 0.03 
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Table 8 
Effect of acetone on the mobility of trace metals through 
soil amended with fly ash 
Trace 0 dose 2.5g 5.0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.19 0.17 0.16 0.15 0.14 0.13 
Cu2+ 0.17 0.16 0.15 0.14 0.13 0.11 
Zii2+ 0.16 0.15 0.]4 0.13 0.12 0.10 
Ag^ 0.13 0.10 0.09 0.08 0.07 0.06 
Pb2+ 0.12 0.09 0.08 0.07 0.06 0.06 
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Table 9 
Effect of ethyl methyl ketone on the mobility of trace 
metals through soil amended with fly ash 
Trace 0 dose 2.5g S.Og 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.17 0.15 0.13 0.12 0.11 0.10 
Zn2+ 0.16 0.13 0.12 0.11 0.10 0.09 
Cu^^ 0.13 0.12 0.11 0.09 0.08 0.07 
Ag+ 0.12 0.11 0.10 0.09 0.07 0.06 
Pb2+ 0.11 0.09 0.08 0.07 0.06 0.05 
72 
Table 10 
Effect of formaldehyde on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2.5g 5.0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.18 0.17 0.16 0.15 0.14 0.14 
Zn2+ 0.16 0.15 0.14 0.13 0.12 0.11 
Cu2+ 0.15 0.13 0.12 0.11 0.10 0.09 
Ag+ 0.13 0.12 0.11 0.10 0.09 0.09 
Pb2+ 0.11 0.09 0.08 0.07 0.06 0.05 
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Table 11 
Effect of acetaldehyde on the mobility of trace metals 
through soil amended with fly ash 
Trace 0 dose 2,5g 5.0g 7.5g 10.Og 12.5g 
metals FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg FA/Kg 
Soil Soil Soil Soil Soil Soil 
Co2+ 0.15 0.14 0.12 0.11 0.10 0.09 
Cu2+ 0.13 0.12 0.11 0.10 0.08 0.08 
Zn'+ 0.12 0.11 0.09 0.08 0.07 0.06 
Ag^ 0.11 0.09 0.08 0.07 0.06 0.05 
Pb2+ 0.10 0.08 0.07 0.06 0.05 0.04 
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by their inverse order of ^K^ values. However, in case of alcohols, the 
mobility of metal ions is governed by the molecular size and the 
capabilities of forming the hydrogen bond with the hydrated metal ions 
in soil pH 8.4. Thus, the metal ions move in the order : 
H OH-CH, H OH-C,H, 
\ H . . . . 0 H - C H 3 " ^ H OH-C2H5 
Hydrated metal ions Hydrated metal ions 
methanol complex ethanol complex 
The mobility of metal ions in case of organic compounds 
containing carbonyl groups follow the order : acetone > formaldehyde 
> ethyl methyl ketone > acetaldehyde. The order of mobility seemed to 
be governed by polarity and permeability of these compounds in soil. 
The nature of alkyl groups attached with the carbonyl groups capable of 
imposing steric hindrance also play a decessive role in determining the 
mobility of ions. For example, in case of ketones, the mobility of metal 
ions is higher in acetone than in ethyl methyl ketone since in acetone, 
the carbonyl group is sterically less hindered as compared to ethyl 
methyl ketone. Similarly, in aldehyde the mobility of metal ions in 
formaldehyde is more as compared to acetaldehyde due to the steric 
hindrance posed by the methyl group attached over the carbonyl group 
(>C=0) of acetaldehyde. 
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CHAPTER-III 
INFLUCNCe OF SOM€ PCSTICiDCS ON TH€ 
MOBILITV OF SOM€ TRRCC MCTRLS 
THROUGH SOIL flM€ND€D WITH AND 
WITHOUT FLVnSH 
INTRODUCTION 
Pesticides are being used in agriculture to control the harmful 
effects of pests and pest born diseases'"^ which attack the crops usug^ Uy-
of high yielding varieties. They are also utilized by public health 
department to control various harmful pests and insects to human being. 
However, the effectiveness of such chemicals for controlling various 
diseases in plants grown on different soils depend upon several factors 
such as the physico-chemical characteristics of the soil and the nature 
of the growing plants. The physico-chemical properties include soil 
texture, clay minerals, organic matter, pH, temperature, humidity, nature 
of exchangeable cations , type of soil microbes, etc."*'^  The 
indiscriminate use of pesticides have been found to become fatal and 
cause injurious affects on soil microflora^'^, microorganisms'" and 
fishes'' '^. The role of chlorpyrifos (Dursban). methyl demeton 
(Metasystox), dimethoate (Rogor) and metalaxile (Ridomil) are well 
known in literature.'^"'^ They reach in soil either by direct application 
or through plant via their roots or aerial parts.'^ These compounds are 
found to influence the mobility of trace metals and depend upon the 
chemical nature of these compounds.'^ 
Among trace metals, Zinc along with a certain concentration of 
Cobalt and Copper are regarded as micronutrients and required for 
healthy growth of plants and animals.'^ "^^ While copper and cobalt are 
toxic at higher concentrations. Among toxic metals, silver and lead are 
considered to posefhyt'dtokMiliAaviour.^^-^'' The toxic trace metals are 
r 
also found to create problems withlt^ieVutrient utilization by plants. 
' \ Ace. no )^]\ 
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Literature survey have revealed that the fly ash is being tried to 
be utilized as a source of fertilizers for plant nutrients in agriculture in 
recent years.^^'^' In an earlier communication''^, it was revealed that the 
application of fly ash to the soil have a remarkable influence on the 
change in its physico-chemical behaviour such as pH, E C , etc. and is 
capable of altering the status of major plant nutrients (NPK) of the 
soil.Thus, this experiment was designed to find out the useful 
information needed for controlling the pollution problems and their 
availability to plants. It was, therefore, considered worthwhile to study 
the mechanism and role of some pesticides such as chlorpyrifos, methyl 
demeton, dimethoate, and metalaxile in the mobilization process of 
certain trace metals through soil amended with fly ash. 
EXPERIMENTAL 
The soil used in this investigation was an illitic. fine sandy-
loam, collected from University agricultural farm of Aligarh Muslim 
University, Aligarh. The physico-chemical properties of soil were 
determined by the standard methods as described in Chapter-Il of this 
thesis and the results are recorded in table 2 of Chapter II. 
The fly ash was collected from thermal power plant, Kasimpur 
in Aligarh district (U.P.). The physico-chemical properties of fly ash 
are also recorded in table-2. 
DETERMINATION OF R^ VALUES BY SOIL THIN LAYER 
CHROMATOGRAPHY 
The mobility of trace metals in terms of their Revalues through 
soil was determined by soil thin layer chromatography. 
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APPARATUS REQUIRED : 
A TLC applicator with adjustable thickness, glass plates (4x20 
cm), TLC jars with covers, glass sprayer and 100 mesh sieve. 
REAGENTS REQUIRED : 
PESTICIDES SOLUTIONS : 
The standard solution of 00, 0.25, 0.50, 0.75 and 1.0 ppm of 
Chlorpyrifos, methyl demeton, dimethoate and metalaxile were prepared 
in ethanol and was utilized as a developer. 
TRACE METAL SOLUTION : 
The standard solutions of respective metals nitrate of 0.1 M of 
cobalt, zinc, copper, silver and lead were prepared in distilled water. 
DETECTOR: 
Ethanolic solution of 0.1% (w/v) haemotoxylin. 
PREPARATION OF PLATES : 
For the measurement of R^  values, the soil sample was grounded 
and passed through a 100 mesh sieve to obtained a homogenous soil 
mixture. The fly ash was then amended with the soil at the rate of 00 and 
5.0 gm kg'' soil and soil slurry of respective amended soil was prepared 
in distilled water. Glass plates were cleaned with distilled water and 
with 50% methanol a water acidified with hydrochloric acid with an 
uniform layer of 0.5 mm thickness in each case. These plates were air 
dried at room temperature. Two lines were drawn at 4 and 14 cm from 
the base on the plate so as to allow the developer to run a distance of 
10 cm for the study. An aqueous solution of 0.01 M of Co, Zn, Cu, Ag 
and Pb nitrates were spotted on the base line with the help of 
micropipette. The plates were wrapped with the wet filter paper at the 
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bottom to prevent soil disintegration and then were developed by 
ascending chromatographic method in closed TLC chamber using 
ethanolic solution of some pesticides such as chlorpyrifos, methyl 
demeton, dimethoate and metalaxile as a developer. 
DRYING AND DETECTION OF CHROMATOGRAM : 
The developed plates were air dried at room temperature 30±3°C 
and visualization of trace metals were detected by spraying an 0.1% (w/ 
v) ethanolic solution of haemotoxylin to detect Co^ "^ , Zn^^, Cu^ "^  and 
Pb^^ as violet spot where as Ag"^  is detected as red spot. 
MEASUREMENT OF REVALUES : 
The mobility in terms of R^  values were calculated by using 
following relationship : 
(RL + R-r)/2 
R^  values = 
10 
where R^ and Rj are leading and tailing distances from the base line. 
RESULTS AND DISCUSSION 
It is evident from fig. 1 that mobility of trace metals through 
soil amended with and without fly ash follows the order: Co > Zn > Cu 
> Ag > Pb in all systems where water, chlorpyrifos, methyl demeton, 
dimethoate and metalaxile are used as mobile phase. These results are 
in close agreement with the work of Gaszcyk el aJ}^ The greater 
mobility of trace metals has been reported at lower concentration of 
pesticides and then, it is found to decrease with the increasing doses of 
pesticides. The enhanced mobility of trace metals at their lower 
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concentration may be attributed to the blockage of adsorption sites by 
pesticides molecules on soil surface while the reduction in the mobility 
at higher dosages may be due to the creation of new adsorptive sites by 
adsorbed molecules capable of retaining the metal ions. 
The role of various pesticides such as chlorpyrifos, methyl 
demeton, dimethoate and metalaxile may be regarded on the basis of 
their molecular structure and the different polarity in their active spots 
involved in the interaction processes. The active role of pesticides in 
the mobility of trace metals could be considered in the order : 
chlorpyrifos > methyl demeton > dimethoate > metalaxile. The 
chemical behaviour of these pesticides can be explained on the basis of 
their chemical structrures. 
)CHXH. N 
CI L 0-P 
^ ^ ^ ^ 2 ^ " 3 
/kA, 
\ 0CH2CH3 
Cl CI 
Chlorpyrifos 
O OCH. 
CH3-CH2-S-CH2-CH2-S-P 
Methyl demeton 
1/ 
\ OCH, 
H 0 S OCH. 
11/ 
CH3-N-C-CH2-S-P 
Dimethoate 
'OCH. 
CH, 
CH, O 
' ^ II 
<z A"3 CH - C -OCH3 \ \ .N 
\:-CH3-0CH, 
CH3 II 
0 
Metalaxile 
An examination of Table 12 and 13 shows the highest mobility 
of trace metals in case of chlorpyrifos. It may be attributed to the 
presence of three active chlorine atoms which are capable of electron 
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Table 12 
Effect of chlorpyrifos on the mobility of trace metals 
through soil amended with 0 dose fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0 J 5 1.00 
Co2+ 0.16 0.21 0.19 0.17 0.15 
Zn2+ 0.15 0.18 0.17 0.15 0.14 
Cu2+ 0.14 0.16 0.15 0.14 0.13 
Ag+ 0.12 0.15 0.14 0.12 0.11 
Pb2+ 0.10 0.13 0.12 0.11 0.10 
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Table 13 
Effect of chlorpyrifos on the mobility of trace metals 
through soil amended with 5 g fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0^25 0^50 0/75 1.00 
Co2+ 0.15 0.19 0.18 0.16 0.15 
Zn2+ 0.14 0.17 0.16 0.14 0.13 
Cu2+ 0.12 0.15 0.14 0.13 0.12 
Ag+ 0.10 0.13 0.12 0.11 0.10 
Pb2+ 0.08 0.11 0.10 0.09 0.08 
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Table 14 
Effect of Methyl demeton on the mobility of trace metals 
through soil amended with 0 dose fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0.75 1.00 
Co2+ 0.16 0.20 0.19 0.18 0.17 
Zn2+ 0.15 0.18 017 0.16 0.16 
Cu2+ 0.14 0.17 0.16 0.14 0.13 
Ag+ 0.12 0.15 0.14 0.13 0.12 
Pb2+ 0.10 0.13 0.12 0.11 0.10 
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Table 15 
Effect of Methyl demeton on the mobility of trace metals 
through soil amended with 5 g fly ash/kg soil 
Trace 
metals 
Co^^ 
Zn^ ^ 
Cu-" 
Ag" 
Pb2+ 
00 
0.15 
0.14 
0.12 
0.10 
0.08 
Concentratio! 
0.25 
0.18 
0.16 
0.14 
0.12 
0.10 
n of pesticides (ppm) 
0.50 
0.17 
0.15 
0.13 
0.11 
0.09 
0.75 
0.16 
0.14 
0.12 
0.10 
0.08 
1.00 
0.15 
0.13 
0.12 
0.09 
0.08 
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Table 16 
Effect of Dimethoate on the mobility of trace metals 
through soil amended with 0 dose fly ash /kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0.75 1.00 
Co2+ 0.16 0.19 0.18 0.17 0.16 
Zn2+ 0.15 0.17 0.16 0.15 0.15 
Cu2+ 0.14 0.16 0.15 0.14 0.13 
Ag+ 0.12 0.14 0.13 0.12 0.12 
Pb^^ 0.10 0.12 0.11 0.10 0.09 
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Table 17 
Effect of Dimethoate on the mobility of trace metals 
through soil amended with 5 g fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0.75 1.00 
Co2+ 0.15 0.17 0.16 0.15 0.14 
Zn2+ 0.14 0.16 0.14 0.13 0.12 
Cu2+ 0.12 0.14 0.12 0.11 0.10 
Ag+ 0.10 0.12 0.10 0.09 0.08 
Pb'^ 0.08 0.10 0.09 0.08 0.07 
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Table 18 
Effect of Metalaxile on the mobility of trace metals 
through soil amended with 0 dose fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0.75 1.00 
Co2+ 0.16 0.18 0.17 0.16 0.15 
Zn2+ 0.15 0.16 0.15 0.14 0.13 
Cu2+ 0.14 0.15 0.14 0.13 0.12 
Ag+ 0.12 0.14 0.12 0.11 0.11 
Pb2+ 0.10 0.12 0.10 0.09 0.08 
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Table 19 
Effect of Metalaxile on the mobility of trace metals 
through soil amended with 5 g fly ash/kg soil 
Trace Concentration of pesticides (ppm) 
metals 00 0.25 0.50 0.75 1.00 
Co2+ 0.15 0.17 0.15 0.14 0.13 
Zn2+ 0.14 0.15 0.13 0.12 0.11 
Cu2+ 0.12 0.14 0.13 0.11 0.10 
Ag+ 0.10 0.12 0.10 0.08 0.07 
Pb2+ 0.08 0.09 0.08 0.07 0.06 
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withdrawing (-1 effect) tendencies. Thus, the active sites of this 
molecule, low in electron density, inturn deactivating the molecule for 
interacting to the metal ions, resulting in their greater mobility. On the 
other hand, methyl demeton has a reactive sulphur atom attached to a 
hydrophobic ethyl groups, which inhibits its interaction with soil 
colloids surface. Therefore, it showed higher mobility of trace metals 
than dimethoate and metalaxile which has been shown in Tables 14 
and 15. In dimethoate, nitrogen atom provides another binding site for 
its interaction with soil colloids and additional restriction slows down 
its mobility in soiP'^  as shown in Tables 16 and 17. Whereas the least 
mobility of trace metals in metalaxile is found. It may be due to the 
presence of non-polar alkyl and alkoxy groups around polar nitrogen and 
oxygen which enhance the interaction of metal ions for the adsorptive 
sites of soil colloids pave the way for metals to move at faster rate. 
In the fly ash admixed soil (5.0 g/kg soil), the mobility of trace 
metals was found to decrease in same sequence as was observed in 
without fly ash amended soil. It may be due to the enhancement in 
adsorbing capacity caused by the unburnt organic carbon content in fly 
ash. The increased clay content in fly ash admixed soil may also enhance 
the interaction process resulting in lower mobility of trace metals. 
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Effect of some organic compounds on the mobility of some trace metals 
through soil amended with fly ash 
Sanmillah khjn". Jamal A Khan , R. K. Bhard«a/ and Shagufta Jabiri" 
' DepaiiiiiLni ot Applied Chemistn Z H College of hngineenng <L Technologs Aligarh Mushuni Lnnersit_\ 
Mi-jarh : o : (K)2 India 
'Department ot Chemistr> Aiigarh Mushum Uni\ersit\ Alicarh 202 002 India 
Mai I 1 n If (II ^ liinc 1999 re\i^eii2l Fehruan, 2000 auepud ^ Manh 2'Jliii 
Ihi intfH, of some organic compounds. \ iz formic acid actUc acid methanol, ethanol formaldch\dc, acctaldeh>de. acttont and 
ittnl nulh\l kniinc on tht mobilit\ of some trace metals m Co Zn Cu Ag and Pb through soil amended with n\ ash hjM 
liiin niMsiijidted in an alkaline fine sand\ loam soil of Ahgarh district (LP.) The rtsults indicate decrease in the mobilit\ of 
trace nietajs with increasing dosage of fl\ ash in soil but with a sanation in intensit\ b^ use of organic compound as a mobile 
phase The mohilit\ order is Co > Zn > Cu > Ag > Pb in case of organic acids and alcohols, and Co > Cu > Zn > Ag > Pb 
for aldeh>de-s and ketones The effect of organic chemicals on the translocation of metals follows the sequence formic acid > 
aeetir acid > methanol > acetone > fonnaldeh\de > eth>l methyl ketone > acetaldeh^de > ethanol 
Various s\ntheiic \olatile and non \olatile organic chemi-
cals are released in the environment from the industries and 
chemical laboratories in appreciable quantities It has also 
been rexealed in literature that several organic compounds 
such a^  aldehydes ketones carboxvlic acids, etc are 
pretdueed in soil as a result of chemical' or biochemical-
dei.e)mpoMiion ot organic matter used tn agriculture and of 
the crop residues The\ are found to pla> an important role 
in the trinvluLjiicm of piani nutrients as \^ell as toxii. me 
tals and their a\ailahilit\ to plants Higher dosages of 
these organic chemicals sometimes become fatal to plants 
and adxersK affect the life prOi.esses of soil micioor 
ganism 
Among trace metals Zn Cu and Co are regarded as 
micronutnents and are required for the healthy growth ot 
plants and animals Zn" acts as a prosthetic group of an en-
zyme in the con\ersion of tryptophan into indole acetic 
acid the grovivih promoting horomone Copper is required 
m certain biological oxidation-reduction systems, whereas 
eobali IS regarded to be essential for symbiotic N2 fixation 
h\ some microorganism and in the synthesis ot \itaniin B 3 
needed tor animal health Siher and lead"* are hazardous 
tor plants microllora and soil microorganism^ 
The Use ot tl\ ash as a source of plant nutrients tried in 
agriculture has become topic of research^ Hov\e\er, scant} 
infeirmaiion is available m literature on the role of fl\ ash 
in the translocation of trace metals through soil amended 
w ith 11 in relation of these soil organics The present stjd\ 
was designed with a \iew to ascenain the role of cenainor-
ganic compounds nameK acetic acid formic acid 
^26 
ethanol methanol acetaldehyde, formaldehxde acetone 
and elhy 1 methy) ketone on the translocation of some trace 
metals such as Co Zn Cu Ag and Pb through soil 
amended with fly ash 
Results and Discussion 
It IS e\ident from Fig 1 that mobilit> of trace metals 
nameK Co Zn Cu \ g and Pb \aries with \ar\in- am 
ceniration of 11% ash in soil as well as with the naiure oi or 
game compounds used a^  mobile phase The moHilit\ ot 
various metal ions follow s the order Co > Zn > Cu > Ag > 
Pb. through soil amended with f]y ash as a static phase and 
waier or gi\en organic acids and alcohols used as mobile 
phase These results are in close agreements with the work 
of Gaszczyk et al" This order of mobilit\ seems to be in 
verseh related to the order of their binding capacit\ ot 
gnen ions with the soil colleiids'' The mobilit\ order ot 
metal ions in case ot aldeh\des and ketones follows the 
order Co > Cu > Zn > Ag Pb which is slighth different 
from the above The variation in the order of mobilities be-
tween copper and zinc in the sv stems ot acidi and alcohols 
on one hand and in aldehvdes and ketones on the other mav 
be atinbuted to the difference in the rate of their per-
meabilit) and nature of functional groups present in the 
mobile phases of these systems The mobilitv is found to 
decrease with the increasing dosages of flv ash in soil and 
IS atmbuied to the enhancement in the adsorbing capacitv 
caused bv the unburnt carbon content (0 fc 1 in fl) ash" 
The order ot organic compounds in the translocation ot 
trace metals through soils is £o\ erned bv their chemical be 
II I M k ! l 1 -J Ml 
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haviour iti soils These organic compounds indicate the 
mobilitx order in the various soil s\stems as formic acid > 
acetic jLid > methanol > tormaldeh\de > ethNl meth\l > 
ketone aceiakjeh^de ethanol The highest mobilit_\ incase 
ol tormiL acid and acetic acid seems to be governed b\ 
their ionizing as well as solubilizing tendencies as revealed 
bv their inverse order ot pA'^  \alues Hov\e\er in case of 
alcohols the mobiliiv metal ions is governed b> the 
molecular stze and the capabilu\ of forming the hvdrogen 
bond with riie hvdraied metal ions in soil of pH 8 4 Thus 
the metal ions move in the order 
M -i) 
> 
H-
OH-CH. 
-OH-CH 
marjled nielal Kin>. Hvdraied meial lonv 
aalianol complex eihand complex 
which IS the reverse sequence of the molecular weight of 
the given alcohols 
The nwfeilit) of metal ions in case of organic com-
pounds containing carbon>l groups follov s^ the order 
acetone > tormaldehvde > eihvl meihvl ketone > aceial-
deh\de The order ot mobilitv seems to be governed bv 
polaritv of these compounds in soils The carbonvl com-
pounds containing alkvl groups capable of imposing sienc 
hindiance also plav a decisive role in determining the a1-
finit) of interaction ot metal lonN vuth these organic com-
pounds used as mobile phase For example in case of 
ketones, the mobilitv ot metal ions is higher in acetone 
than in ethvl methvl ketone since the carbon\l group in 
acetone is stericallv less hindered as compared to ethvl 
methv! ketone Similarh in aldehvdes the mobilitv of 
metal ions in formaldehyde is more as compared to acetal 
dehjde due to the stenc hindrance posed bv the one methv 1 
group attached over the carbonvl group of acetaldehvde 
Experimental 
The soil used wa- an aerit. Halaquept" (fine sandv 
loam) collected from -Migarh Muslim Universii), Aligarh 
(U P ) The phvsicochemical properties of the soil and fiv 
ash were soil sand 609f. silt 26'"c clav 14% organic 
^27 
J I 1 ^ 2 K .11 I 4 V M I 
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mauer'" (145^, pH K4 (1 : 2.5. soil vkater). E.C. 0.167 
mnihd cm '. CEC 16.3 cmol (p*) kg" soil, exchangeable 
NV 1 0. K* 0 ."^'cP^^TTand Mg-* 1.2 cmoi (p*) kg' ' . fl\ 
ash . pH 6 65 {1 • 2 5 FA : water ratio i. E C. 0.71 mmho 
cm-', available NH^-N 30.4, NO-,-N 24.80, NO^-N 3.20. 
P 470 and K 19S4 mg kg"' fly ash tdetermined by the 
method u>ed in soil analysis)". 
The soil sample was dried, ground and then passed 
though a UK) mesh sieve'-'to make it homogenous. Fly ash 
was added to the soil at the rate of 0. 2.5. 5.0, 7.5, 10,0. 
12 5 g'kt: soil It was then thorough!) mixed so as to get a 
homogenous mixture in each case The slurry of the 
amended soil was then prepared in distilled water and 
coaled on glass plates with an uniform layer of 0.5 mm 
thickness in each case. The plates were then air-dried at 
room temperature (30 ± 3°). Two lines were drawn at 4 and 
14 cm from the base on the plate so as to allow developer 
to run a distance of 10 cm for the stud>. An aqueous solu-
tion ot Co. Zn. Cu. Ag and Pb nitrate (0.01 M) were 
spotted on the base line. The plates were wrapped with the 
wet filter paper at the bottom and developed by ascending 
chromatography in closed T L C chamber using distilled 
water and aqueous solution (0.25 Mi of organic com-
pounds. \iz. formic acid, acetic acid methanol, ethanol. 
formaldehvde. acetaldehyde. acetone and ethyl methyl 
ketone a^  a developer The developed plates were air-dried 
at 6(^  and spots weie detected bv >.praving 0 1 (w/vi 
eihanolic solution of haemotoxylin th.ii gave stable violet 
spots lor Co-'. Cu-". Zn-*, Pb^* and red for .Ag* and the /?, 
values evaluated 
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INFLUENCE OF SOME CHEMICAL FERTILIZERS ON THE 
MOBILITY OF TRACE METALS THROUGH SOIL 
AMENDED WITH FLY ASH 
S.U. KHAN», R.K. BHARDWAJ*, SHAGUFTA JABIN" AND JAMAL A. KHAN" 
Dq.iartment of Applied Chemistry, Z.H. College of Engineering and Technology Aligarh Muslim University, 
Aligarh-202 001; "Department of Chemistry. AMU. Aligarh-202 002. 
ABSTRACT 
The influence of some chemical fertilizers (30ppm) such as ammonium nitrate, calcium nitrate, 
sodium nitrate, potassium nitrate, urea, ammonium sulphate, ammonium chloride, ammonium 
phosphate and distilled water as developer on the mobility of some trace metals such as zinc, cobalt, 
copper, lead and silver through soil amended with fly ash (FA) was measured by using soil thin layer 
chromatography. The soil amended with varying amounts of FA (0 to gm Kg^ soil) was used as static 
phase on soil TLC plates. The trend in the mobility of trace metal ions was found to be greatly 
influenced on the nature of chemical fertilizers and follow the respective mobility ordccs: Ag> Zn< 
Cu> Fb> Co; Zn> Co> Cu> Ag> Pb; Zn > Co> Cu> Pb> Ag; Zn> Co> Ag> Pb> Cu and Co> Ag > Zn> 
Cu> Fb in cases of fertilizers associated with nitrate, sulphate, chloride, phosphate and urea or 
distilled water as a mobile phase. The mobility of ions tend to decrease with the increasing doses of 
F.\ thtxiughout the entire range of their srudy. 
KEY WORDS : Chemical Fertilizers, Trace mctak. Mobility, Soil thin laver Chromati>graph\. Fl\ 
Ash. 
INTRODUCTION 
The use of fly ash (FA) as a source of macro and 
micronutrients (.Mishra and Shukla, 19S6; Plank 1974; 
Andovun\pei et al. 1986; Sims f( al. 1995. Majmudar 
and Mukherjee 1983.) has been still a topic of 
research. Since it is conlainated with some toxic trace 
metals, harmful for human being, animals (Gupta 
and Gupta 1998) and soil microorganisms (Pitchel 
and Hays 1990; Pitchel 1990) that are responsible for 
the maintenance of soil fertility in agricultural lands. 
The study of the trace metals in agriculture is 
important as they get introduced in soils through 
various sources such as industrial wastes and waste 
water, automobile exhaust, poor grade rock 
phosphate etc. that are posing a grave and alarming 
concern as soil pollutants. (Mortvedt 1996) from 
inhabitant health's point of view since thev 
ultimately reach to them through food chains and 
drinking water (Waagepetersen and Kofod 1991). 
Among the trace metals Cu and Zn are micronu-
trients (Ulysses 1979; Dinaurled 1972) useful for the 
healthy growth of plants and animals. The Co is also 
regarded as essential element for animals health 
(Trivedi) and Goel 19S6) while Ag and Pb are regard-
ed as phytotoxic metals (Dijkshoor ct al., 1979) and 
injurious for animals (Underwood 1971). Tne mobil-
ity determination of trace metals through soil Ls im-
portant as it provides a scientific data for their avail-
ability to plants (Khan and Khan 1983) and are help-
ful in tackling poUutional problems posed bv these 
metals in agricultural soils. Hence, it was thought 
worthwhile to study ti^e role of some commonly used 
chemical fertilizers such as ciinmonium nitrate, cal-
cium nitrate, sodium nitrate, potassium nitrate, urea, 
ammonium chloride, ammonium sulphate and am-
monium, phosphate on the mcA;ihty of certau: trace 
mefals such as Cu, Co, Zn, Pb, and Ag through soil 
amended with FA. 
MATERIAL AND METHODS 
A surface soil sample of Hirapur fine sandy loam 
2A2 S.U. KHAN', R.K. BHRDWA] CTAL 
(0-30 cm) was collected from " Aligarh Muslim 
LinAtrsity" ngriculturc fnrm for (he study. The 
physuK-homical propertiei. of tlie soil were as follows: 
sand, hQ"n<, silt, 27.5%; clay, 13.5%; organic matter, 
0 iS-o, pi 1,8 8; (1:2.5 soil: water); EC, 4.8 x IQ-* IT\1-IOS/ 
cm-,Cl;C, 16.3 m.eq. 100 gm'; Exchangeable Ca, 3.5; 
Mg, 1 3; Na, 1.0; K, 0.25 meq.lOO gm' soil. For the 
sUidv, the soil was dried, grounded and passed 
tlirougli a 100 mesh sieve to get an uniform particle 
si/o and then mixed with varying amounts of FA 0, 
2. A, b and S gm kg' soil It was slurried with dustilled 
waler aiui coaled on the glass plates (20 x 4 cm) with 
the help of the TLC applicator to give an uniform 
layer of 0.5 mm thickness of soil in each case. The 
plates were air dried at room temperature 30+3"C. 
Two lines were scribed on the plates at 4 and 14 cm 
from the base so that a 10cm distance could be used 
for the development in the study. An aquenous 
solution of the respective (O.IM) trace metal nitrate 
was spotted at the base line of soil TLC plate as a 
single spot (0.006 ml) v '^ith the help of micropipette. 
The plates were wrapped with a wet strip of filler 
paper at the bottom of the plates (nboul 2.5 cm) to 
prevent disintegration of the soil and then developed 
with distilled water and various solutions of cheniical 
fertili/.ers (30ppm) in closed glass jars. The developed 
plates were air dried at room temperature (30oC) and 
the trace metal ions of Co, Cu, Pb, Zn and Ag were 
detected by spraying 0.5% (W/V) ethanolic solution 
of haemotoxylin. Copper, cobalt, lead and silver ions 
g,^  ve a violet while zinc a brick red coloured spots tlint 
remain stable for several hours. The trace metals 
mobility was measured by U-SHIR ri'I.iliiMVship, 
Rf ^ • - ' 
10 2 
Where 
K, +T I " 1 is the averajji- ol KMIIIII;; ami 
tailing distance from the base line 
RESULTS AND DISCUSSION 
The mobility (R, values) ol trace melals (1 ig. 1) 
through soil when water is used as a mobile ph.ise 
and with increasing doses of lA follows the order. 
Co>Ag> Zn>Cu>I'b that are in accordance with 
reverse order of their hydrated ion size (table 1). 
These ions may exist in their hydrated form as (M(H 
jO) n + X, where n = valancy of metals and x = 
number of water molecules) in alkaline medium 
(Schnizer and Ghos, 1982) at soil pH 8.8. Since the 
smaller size exert greater force of attractioti with the 
adsiorptive sites of the soil surfaces resulting to follow 
the mobility trend. However, the mobility of trace 
metals decreased o inceasing r<»na"nlr.ilion of FA 
This decrease is attributed due to the enhanced 
ndsorptive sites created by increased doses of free 
carbon present in the FA 
The effect of chemical fertili/i'rsi>n the mobiiiU' ol 
trace metals seemed to be governed by the nature ol 
tlie chemical fertilizers used in soil. The role of these 
chemical fertilizers on the mobilities of trace metals 
could be explained on the basis of the following 
mechanisms. The chemical fertilizers in soil mediunx 
Table 1. Some Characteristics of Tr.ice Metals and Fertilizers 
Trace 
metals 
Uad 
Copper 
Zinc 
Silver 
Cobalt 
Hydrated 
ion* size 
parameter 
7.51 
6.03 
4.36 
2.30 
1.80 
Solubilities of metal ions" 
in gm lOOgm-1 water at 20"C 
Metal Metal Metal 
Nitrate Sulphate Phosphate 
52.3 
55.2 
56.1 
69.5 
49.75 
0.00427 
16.22 
61.8 
0.79 
26.5 
0.0000135 
insoluble 
0.00145 
0.000644 
0.00055 
Metal 
Chloride 
0,999 
1.52 
78.6 
0.000155 
34.6 
FerliliziTb 
Amonium Nitrate 
Calcium Nitrtv 
Urea 
Sodium Nitrate 
Amonium Sulph.ile 
Ammonium Chlondc 
Potassium Ntlrale 
Potassium Nitrate 
Ammonium Phosph.iU-
Solubility of 
fiTlilizer.sin 
gm water 
at 25"C 
124.2 
\m 
121 
v;.i 
7rS 
34.3 
37.3 
37.3 
26 1 
' 1-reiser and fernando 1966; Atherton Seidell 1940. 
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r Calcium nirate ' S p Sodium riratc 
Ammonium sulphate 
•20 
O L — ' ' 1 ^ 
Ammonium phosphate 
Amount of fly ash ( gm kg soil ) 
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o - A g • — Z n •^ —Cu A - p b ^ - C o 
Fig. I. 
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exist as: 
NH^NO,- NH/ + NO3 (i) 
(ii) CalNOj)^-^ Ca,' + 2N0'3 
(iii) N H p - > N H ; + c r 
(v) NaN0j->Na'+N0'3 
(vi) KNO,-» K*+NO\ 
(vii) CO(NHj)j + 4 H p -> 2NHpH + H,CO, 
(viii) (NH,),PO,-^ 3NH; + ?(y\ 
The above reactions clearly indicate the presence 
of NH+4, Na+, K+, Ca^ * as cations and NO-34 as 
anions in soil medium. Thus, these ions could be 
regarded to play a dominant role in deciding the 
mobility of trace metals in FA amended soil. The 
greater mobility of trace metal ions in case of chemical 
fertilizers with respect to water as a mobile phase can 
be attributed due to the blocking of adsorplivc site 
by the above cations released by chemical fertilizers 
on the basis of their relative binding strength on the 
soil surfaces in the order Caj*>K* = NH*, > Na* 
(Brady 1995) and the solubility of trace metal salts 
(table 1) with their anions. Thus, in cases of 
ammonium, calcium, sodium and poassium used as 
nitrates follow the mobility order: Ag>Zn>Cu>Pb> 
Co and governed in the sequence of the solubility of 
metai nitrates whereas the use of ammonium 
sulphate, ammonium chloride and ammonium 
phosphate as a mobile phase have shown the mobility 
orders: Zn> Co> Cu> Ag> Pb; Zn>Co>Cu>Pb>Ag 
and Zn>Co>Ag>Pb>Cu in the respective cases 
(figure 1) and have followed the tend in the sequence 
of their solubility of metal sulphates, metal chlorides 
and metal phosphates. Thus, the influence of 
chemical fertilizers on the translocation of trace 
metals behave in the order; NH^N03> Ca(NOj),> 
(NH,),Co> (MH,)jSO^>NH^Cl> KN03> (NH,), PO^ 
which is in accordance with their solubility (table 1). 
li^  case of urea as fertilizer the metal ions follow the 
sequence ol their hydrated ions size parameters and 
hc\\ 0 revealed tlic similar trend as in casse of distilled 
v.'.itcr. Thus, a combined effect of the solubility and 
the relative blocking tendency y the ions released 
from the chemical fertilizers could considered as a 
key factor in deciding the trace metals movement 
through soil amended with FA. 
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